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(54) SOLID-STATE IMAGE PICKUP DEVICE FOR FORMING BINARY SIGNAL 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a solid-state image pickup device for forming a binary signal by which binarization is 
processed at a high speed with low S/N. 

SOLUTION: This solid-state image pickup device 10 for forming a binary signal is provided with vertical read lines 12a, 12b 
provided to pixels 1 and each column of the pixels 1 a vertical scanning circuit 13 that selects a specific row of the pixels 1 
arranged in a matrix and transfers an electric signal in response to an incident light to the vertical read lines 12a, 12b in a 
desired timing, a binarization circuit 7 provided in each of the vertical read lines 12a, 12b, and a horizontal scanning circuit 15 
that applies horizontal scanning to the vertical read lines 12a, 12b sequentially to transfer the signal to a horizontal read line 
13. The binarization circuit 7 compares the electric signal outputted from the pixels 1 with a reference signal via an amplifier 
TR OA in the pixels 1 to output a binary signal. 
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[Claim(s)] 

[Claim 1] Two or more pixels which output the signal charge which was arranged in the shape of a matrix and generated in 
the photodetection section through a magnification means, Choose two or more vertical read-out lines formed for every train 
of two or more of said pixels, and the specific line of two or more of said pixels, and the electrical signal according to the 
signal charge from the photodetection section of the pixel concerned to desired timing A vertical-scanning means to transmit 
to the vertical read-out line concerned, and the electrical signal according to said signal charge which is prepared in each of 
said vertical read-out line, and is outputted from said pixel to the timing of said request, A binary-ized means to compare the 
reference signal outputted through said magnification means to the timing of said request, and different timing, and to output 
a binary-ized signal, The solid state camera for binary-ized signal formation which carries out the horizontal scanning of said 
two or more vertical read-out lines one by one, and is characterized by having a horizontal scanning means to transmit said 
binary-ized signal to a level read-out line. 

[Claim 2] Said photodetection section is a solid state camera for binary-ized signal formation according to claim 1 
characterized by consisting of an optoelectric transducer which generates the signal charge according to incident light, and 
connecting the 1st switching means for supplying the signal charge from said optoelectric transducer to the regulatory region 
of this magnification means selectively, and the 2nd switching means for supplying desired potential to the regulatory region 
of this magnification means selectively from the outside of said pixel to said magnification means. 
[Claim 3] The 1st storage means which memorizes the electrical signal according to said signal charge by which said binary- 
ized means was generated in said optoelectric transducer, The 2nd storage means which memorizes the reference signal 
according to the potential of said request from the outside of said pixel, The solid state camera for binary-ized signal formation 
according to claim 2 characterized by being constituted by comparison means to compare said reference signal memorized 
by said electrical signal memorized by said 1st storage means and said 2nd storage means, and to output a binary-ized signal. 
[Claim 4] It is the solid state camera for binary-ized signal formation according to claim 3 characterized by being a charge 
storage means to accumulate the charge according to said reference signal with which said 1st storage means is a charge 
storage means to accumulate the charge according to said electrical signal outputted from said pixel, and said 2nd storage 
means is outputted from said pixel. 

[Claim 5] The solid state camera for binary-ized signal formation according to claim 4 characterized by establishing the 
transfer means for switching for transmitting selectively said electrical signal outputted from said pixel, or said reference signal 
between said pixel and said two charge storage means. 

[Claim 6] Said magnification means is a solid state camera for binary-ized signal formation according to claim 4 which is a 
junction field effect transistor and is characterized by supplying selectively said signal charge generated in said optoelectric 
transducer, and the potential of said request from the outside of said pixel to the gate of this junction field effect transistor. 
[Claim 7] Said binary-ized means so that a current source and said reference signal according to the potential of said request 
supplied from the outside of said pixel may become equal to the current of said current source The bias means which carries 
out bias of the potential of said vertical read-out line, and a bias storage means to memorize the bias condition of this bias 
means. Said electrical signal according to said signal charge generated in said optoelectric transducer, A current detection 
means to detect a difference with the current of said current source, and said electrical signal according to said signal charge 
generated in said optoelectric transducer, The solid state camera for binary-ized signal formation according to claim 2 
characterized by being constituted by the means for switching for inputting the current of a difference with the current of said 
current source into said current detection means. 

[Claim 8] Said bias means consists of transistors for constant current to which the principal current path was connected 
between said vertical read-out lines and said current sources. Said bias storage means It is prepared between the control 
electrode of said transistor for constant current, and the near terminal connected to said current source among the terminals 
of the principal current path of this transistor for constant current. The sample hold change means for sampling the bias 
condition of said transistor for constant current, and holding after that, The solid state camera for binary-ized signal formation 
according to claim 6 characterized by being constituted by bias charge storage means to be connected to said control 
electrode of said transistor for constant current, and to hold the bias of said transistor for constant current. 
[Claim 9] The solid state camera for binary-ized signal formation given in any of claim 1 to claim 8 characterized by 
connecting to said comparison means an output signal storage means to memorize said binary-ized signal from this 
comparison means they are. 

[Claim 10] Said optoelectric transducer is a solid state camera for binary-ized signal formation given In any of claim 1 to claim 
9 characterized by being an embedding photodiode they are. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the solid state camera for binary-ized signal formation which makes binary the 

image data obtained in the photodetection section, and obtained the binary image. 

[0002] 

[Description of the Prior Art] The solid state camera (solid state camera for binary-ized signal formation) and image 
processing system which have the image data (analog signal) conventionally obtained in the pixel arranged in the shape of a 
matrix as compared with a reference value, and obtained the binary image are well-known. Drawing 10 is the circuit diagram 
showing an example of the conventional solid state camera 100 for binary-ized signal formation. 
[0003] The conventional solid state camera 100 for binary-ized signal formation shown in this drawing adopts an X-Y 
addressing method, and pixel 1 01 ,1 01 - is arranged in the shape of a matrix (in the example of a graphic display). 2x2 pieces, 
this pixel 101 ,101 - To each, Photodiode PD, PD-, MOS transistor QT for a switch for connecting / separating the transistor 
QA for magnification, QA-, said photodiode PD, and the transistor QA for magnification, QT-, MOS transistor QP for reset for 
discharging the charge which supplied the electrical potential difference to the gate of said transistor QA for magnification, or 
was accumulated in the gate, and QP- are prepared. 

[0004] And each pixel 101 ,101 -- is connected to the common vertical read-out lines 102a and 102b for every train, and the 
electrical signal according to the incident light from the pixel 101 ,101 - concerned is outputted to the vertical read-out lines 
102a and 102b. Moreover, in this solid state camera 100 for binary-ized signal formation, the store circuit 107,107 for 
removing the fixed pattern noise resulting from the dark current etc. is established in each vertical read-out lines 102a and 

102b. 

[0005] As a store circuit 107 is shown in drawing, it consists of MOS transistors QD and QS for a switch, and capacitors CD 
and OS, the charge equivalent to the dark current is accumulated in Capacitor CD, and, specifically, the charge which is 
equivalent to an electrical signal from the pixel 101 according to incident light is accumulated in Capacitor CS. And the charge 
memorized respectively is outputted to the level read-out line 1 12-1,112-2 to fixed timing. With the differential amplifier 1 1 5 
arranged on this level read-out line 112-1 ,112-2 The dark current and the noise (fixed pattern noise) resulting from dispersion 
for every transistor QA for magnification of each pixel 101 ,101 - are removed, only the electrical signal (analog signal) 
according to incident light is amplified, and it is obtained from the electrical signal according to incident light. 
[0006] And the amplified signal (analog signal) is compared with the reference value VREF predetermined by the comparator 
119, and a binary-ized signal is outputted from an output terminal VO. 

[0007] Drawing 1 1 is a timing chart which shows an example of actuation of the above-mentioned solid state camera 100 for 
binary-ized signal formation, periods t10-t14 show read-out actuation of the pixel 1 of the 1st line, and periods t20-t24 show 
read-out actuation of the pixel 1 of the 2nd line. Here, driving pulse phiRDI and phiRD2 of driving pulse phiTGI and phiTG2 
are driving pulses by which driving pulse phiRSV is supplied to the gate of MOS transistors QRSV1 and QRSV2 for reset, and 
driving pulse phiTD and phiTS are respectively supplied for driving pulse phiRG to the gate of MOS transistors QP and QP for 
reset at the gate of MOS transistors QD and QS for a switch at the gate of MOS transistors QT and QT for a switch at the 
drain of MOS transistors QP and QP for reset. Moreover, the driving pulse by which a driving pulse phiH1 and phiH2 are 
supplied to the gate of MOS transistors QH1 and QH2 for a switch, and driving pulse phiRSH are driving pulses supplied to 
the gate of MOS transistors QRSH1 and QRSH2 for reset switches. 

[0008] If timing of operation continues till the period t1 0 of drawing 11 , driving pulse phiRG will be set to a low level, and MOS 
transistor (p channel mold) QP for reset will serve as ON. And driving pulse phiRDI reads, it is set to level (VRD; high-level), 
the electrical potential difference VRD is supplied to the gate (regulatory region) of the transistor QA for magnification of the 
1st line through the transistor QP for reset, the gate reads, and bias is carried out to level VRD (selection). In addition, since 
driving pulse phiRD2 continues being a low level (voltage-level VRS), the transistor QA for magnification of the 2nd line is 
held at OFF (un-choosing), while the gate has been voltage-level VRS (low level). 

[0009] On the other hand, driving pulse phiRSV becomes high-level, MOS transistors QRSV1 and QRSV2 for reset switches 

(n channel mold) serve as ON, and the charge which remains in the vertical read-out lines 102a and 102a is discharged 

(reset). At this time, driving pulse phiTD and phiTS are also high-level, MOS transistors QD and QS for a switch (n channel 

mold) serve as ON, and the charge which remained in Capacitors CD and CS is also emitted (reset). 

[0010] In addition, in this period tlO, since both driving pulse phiTGI and phiTG2 are held high-level, MOS transistor QT for a 

transfer (p channel mold) is off, and the charge (signal charge) according to incident light is generated and accumulated with 

each photodiode PD. If it continues till the next period t1 1 , driving pulse phiRG will become high-level, MOS transistor (p 

channel mold) QP for reset will become off, the gate (regulatory region) of the transistor QA for magnification of the 1st line 

will be in floating, but with the capacity which is parasitic on the gate of this transistor QA for magnification, while bias of the 

electrical potential difference of this gate had been carried out to said read-out level VRD, the condition is held. 

[001 1] Moreover, driving pulse phiRDI is returned to voltage-level VRS (low level), driving pulse phiRSV is reversed by the 
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low level, and reset of the vertical read-out lines 102a and 102b is canceled. And driving pulse phlTS serves as a low level, 
MOS transistor QS for a switch (n channel mold) becomes off, and Capacitor CD is connected to the vertical read-out lines 
102a and 102b among two sorts of capacitors CD and CS. 

[0012] Consequently, by this period t1 1, the electrical potential difference (it is written as VD) according to the dark current will 
be charged by Capacitor CD in the condition that the transistor QA for magnification of the 1st line chosen in the period tlO 
(ON) carries out source follower actuation, and bias is carried out to the read-out level VRD. In addition, the dark current and 
the noise (fixed pattern noise) resulting from dispersion for every transistor QA for magnification of each pixel 101,101 -- are 
included in the electrical potential difference (VD) according to the above-mentioned dark current. 
[0013] Next, driving pulse phiTD will serve as a low level, MOS transistor QD for a switch (n channel mold) will become off, if 
it continues till a period t12, instead of this, driving pulse phiTS becomes high-level, MOS transistor QS for a switch (n 
channel mold) will serve as ON, and charge of Capacitor CS will be attained. At this time, it becomes [ that the electrical 
potential difference according to the above-mentioned dark current is charged with as, and ] Capacitor CD. 
[0014] And driving pulse phiTGI is reversed by the low level, MOS transistor QT for a transfer of the pixel 1 of the 1st line 
turns on, and the signal charge from the photodiode PD of the 1st line is transmitted to the gate (regulatory region) of the 
transistor QA for magnification of the pixel 1 of the 1st line. And although driving pulse phiTGI will be reversed high-level, 
MOS transistor QT for a transfer of the Isl line will become again off and the gate of the transistor QA for magnification of the 
1st line will be in floating again at the time of termination of a period t12, i.e., initiation of a period t13 The electrical potential 
difference of this gate is held with the capacity which is parasitic on the gate of the transistor QA for magnification, with the 
part of the signal charge transmitted from Photodiode PD going up. 

[0015] A deer is carried out, the electrical signal according to incident light is outputted to the vertical read-out lines 102a and 
102b by source follower actuation of the transistor QA for magnification of the 1st line, and the electrical potential difference (it 
is written as VSS) according to this electrical signal is charged by Capacitor CS. In this case, an electrical potential difference 
VSS serves as the sum of the electrical potential difference (it is written as VS) only according to incident light, and the 
electrical potential difference VD according to the dark current (VSS=VS+VD). 

[0016] Next, the charge which driving pulse phiTS was set to a low level, connection between the vertical read-out lines 102a 
and 102b and Capacitor CS was severed, and driving pulse phiRSV became high-level in this condition first, and remained in 
the vertical read-out lines 102a and 102b again by the time of termination of a period t13, i.e., initiation of a period t14, is 
discharged (reset). The driving pulse phiHI from the horizontal scanning circuit 13 is started by fixed period high level 
between periods t14. And the signal (analog signal) from the capacitors CD and CR by the side of vertical read-out line 102a 
Reading appearance is respectively carried out to the level read-out line 112-1,112-2 to the change-over timing, the difference 
is amplified with the differential amplifier 115, further, by the comparator 1 19, it is compared with the predetermined reference 
voltage VREF, and binary-ized processing is performed. In addition, the signal outputted from the above-mentioned 
differential amplifier 115 serves as a value which amplified the value (the signal VS according to incident light) which 
deducted the signal (VD) according to the dark current from the electrical signal (VSS=VS-i-VD) including the fixed pattern 
noise from a pixel 101. 

[0017] Then, when a driving pulse phiH2 is started by fixed period high level, the same actuation is performed by the vertical 
read-out line 102b side, and a binary-ized signal is acquired. In addition, if MOS transistor QRSH for reset switches is turned 
on by two high-level change-overs of driving pulse phiRSH in a period t14, said level read-out lines 1 12a and 1 12b will be 
respectively reset by them (initialization). 

[0018] Read-out actuation of the pixel of the 1st line in the periods t10-t14 shown above is similarly performed in the 
continuing periods t20-t24 repeatedly to the pixel of the 2nd line. Drawing 12 is the block diagram showing the configuration of 
the image processing system 120 which perfomis binary-ization of image data using other technique. 
[0019] This image processing system 120 consists of the solid state camera 121 , an AD translation circuit 122 which changes 
into a digital signal the signal (analog signal) showing the image data obtained by this solid state camera 121 , an image 
memory 123 where the digital signal from this AD translation circuit 122 is saved, and an image-processing circuit 124 which 
makes binary the digital image data saved in this image memory 123. 

[0020] That is, in this image processing system 120, after the analog signal acquired with the solid state camera 121 is 
changed into a digital signal in the AD translation circuit 122 established in the exterior of a solid state camera 121 , it is saved 
temporarily in an image memory 123, and it is compared with a predetemiined reference value and that binary-ization is 
performed in the image-processing circuit 124. 
[0021] 

[Problem(s) to be Solved by the Invention] however, in the conventional solid state camera 100 for binary-ized signal 
formation shown in above-mentioned drawing 10 The electrical signal according to the charge generated and accumulated by 
the pixel 101 (analog signal). The reference signal (analog signal) outputted through the transistor QA for magnification 
(magnification means) from the vertical-scanning circuit 106 must be told to a comparator 115, the path from which an analog 
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signal is transmitted beconnes long, and a noise becomes easy to ride on the part and these analog signals (lowering of a S/N 
ratio). 

[0022] The effect of the noise resulting from dispersion (dispersion on manufacture of a capacitor, the MOS transistor for a 
switch, etc.) for every train of the circumference circuit element which follows not only a picture element part but this 
especially becomes large. Moreover, in the conventional image processing system 120 shown in above-mentioned drawing 
12 , since it changes into a digital signal and binary-ized processing is performed after that after outputting a video signal as 
an analog signal from a solid state camera 121 , there is nonconformity that circumference circuits other than solid state 
camera 121 are complicated, and the image processing system 120 whole becomes expensive. 
[0023] Furthermore, although the scope of the video signal acquired with an image processing system 120, i.e., a dynamic 
range, was restricted in the input of the AD translation circuit 122, since it was narrower than the dynamic range of a solid 
state camera 121 , generally the input dynamic range of the AD translation circuit 122 also had the nonconformity that the 
large dynamic range of a solid state camera 121 could not be effectively used in process of binary-ized processing. 
[0024] Although carrying out by preparing an image-processing circuit for the above-mentioned binary-ized processing 
separately for every pixel of a solid state camera, and giving a binary-ized function for every pixel is also considered, the 
structure of the pixel itself becomes complicated in this case, and decline in the numerical aperture of a solid state camera 
and lowering of resolution will be caused. Moreover, when preparing an image-processing circuit separately for every pixel in 
this way, the nonconformity of becoming less irresistible is also in the request of arranging a pixel to high density and attaining 
many pixel-ization. 

[0025] In being made in view of the above-mentioned trouble, and perfomning binary-ized processing of image data, this 
invention aims at offering the solid state camera for binary-ized signal formation which can enlarge a S/N ratio. 
[0026] 

[Means for Solving the Problem] In order to attain the above-mentioned object, invention according to claim 1 Two or more 
pixels which output the signal charge which was arranged in the shape of a matrix and generated in the photodetection 
section through a magnification means, Choose two or more vertical read-out lines formed for every train of two or more of 
said pixels, and the specific line of two or more of said pixels, and the electrical signal according to the signal charge from the 
photodetection section of the pixel concerned to desired timing A vertical-scanning means to transmit to the vertical read-out 
line concerned, and the electrical signal according to said signal charge which is prepared in each of said vertical read-out 
line, and is outputted from said pixel to the timing of said request, A binary-ized means to compare the reference signal 
outputted through said magnification means to the timing of said request, and different timing, and to output a binary-ized 
signal, The horizontal scanning of said two or more vertical read-out lines is carried out one by one, and it has a horizontal 
scanning means to transmit said binary-ized signal to a level read-out line. 

[0027] Moreover, invention according to claim 2 consists of an optoelectric transducer to which said photodetection section 
generates the signal charge according to incident light, and connects the 1st switching means for supplying the signal charge 
from said optoelectric transducer to the regulatory region of this magnification means selectively, and the 2nd switching 
means for supplying desired potential to the regulatory region of this magnification means selectively from the outside of said 
pixel to said magnification means. 

[0028] Moreover, the 1st storage means which memorizes the electrical signal according to said signal charge by which 
invention according to claim 3 was generated in said optoelectric transducer in said binary-ized means, A comparison means 
to compare said reference signal memorized by said electrical signal memorized by the 2nd storage means which memorizes 
the reference signal according to the potential of said request from the outside of said pixel, and said 1st storage means, and 
said 2nd storage means, and to output a binary-ized signal constitutes. 

[0029] Moreover, invention according to claim 4 considers as a charge storage means to accumulate the charge according to 
said electrical signal outputted from said pixel in said 1st storage means, and is taken as a charge storage means to 
accumulate the charge according to said reference signal outputted from said pixel in said 2nd storage means. 
[0030] Moreover, invention according to claim 5 establishes the transfer means for switching for transmitting selectively said 
electrical signal outputted from said pixel, or said reference signal between said pixel and said two charge storage means. 
Moreover, invention according to claim 6 uses said magnification means as a junction field effect transistor, and supplies 
selectively said signal charge generated in said optoelectric transducer, and the potential of said request from the outside of 
said pixel to the gate of this junction field effect transistor. 

[0031] Moreover, the bias means which carries out bias of the potential of said vertical read-out line so that said reference 
signal according to the potential of said request by which said binary-ized means was supplied to invention according to claim 
7 from a current source and the outside of said pixel may become equal to the current of said current source, A current 
detection means to detect the difference of a bias storage means to memorize the bias condition of this bias means, and a 
said electrical signal according to said signal charge generated in said optoelectric transducer and the current of said current 
source, The means for switching for inputting into said current detection means constitutes the current of the difference of 
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said electrical signal according to said signal charge generated in said optoelectric transducer, and the current of said current 
source. 

[0032] Invention according to claim 8 is constituted from a transistor for constant current by which said bias means was 
connected in the principal current path between said vertical read-out lines and said current sources. Said bias storage 
means Moreover, the control electrode of said transistor for constant current, It is prepared between the near terminals 
connected to said current source among the terminals of the principal current path of this transistor for constant current. The 
sample hold change means for sampling the bias condition of said transistor for constant current, and holding after that, It 
connects with said control electrode of said transistor for constant current, and a bias charge storage means to hold the bias 
of said transistor for constant current constitutes. 

[0033] Moreover, invention according to claim 9 connects to said comparison means an output signal storage means to 
memorize said binary-ized signal from this comparison means. Moreover, invention according to claim 10 uses said 
optoelectric transducer as an embedding photodiode. 

[0034] (Operation) According to invention according to claim 1 , with the binary-ized means established for two or more vertical 
read-out lines of every the binary-ized signal which the binary-ized signal of image data was generated and was this 
generated - the level read-out line from a vertical read-out line further Even if a noise rides on this electrical signal (binary- 
ized signal) when this level read-out line is transmitted since it will be transmitted to an output terminal, compared with the 
case of an analog signal, that effect becomes small. 

[0035] Moreover, since the reference signal used in case binary-ization is performed is outputted through the magnification 
means of the pixel concerned according to invention according to claim 2, the electrical signal and reference signal according 
to incident light can be made to output in the same path. Moreover, according to invention according to claim 3, a binary-ized 
signal can be acquired only by comparing mutually the value which made the electrical signal and reference signal according 
to the incident light outputted once memorize, and made them this memorize one by one through the pixel concerned. 
[0036] Moreover, according to invention according to claim 4, the reference signal outputted can be suitably stored in a 
capacitor etc. one by one through the pixel concerned. Moreover, according to invention according to claim 5, the reference 
signal outputted from said magnification means and the electrical signal according to incident light can be selectively supplied 
to two charge storage means with a transfer change means. 

[0037] Moreover, according to invention according to claim 6, since transfer direct of the charge according to incident light can 
be carried out to the gate, the transfer way of the charge concerned is shortened and a noise stops being able to ride easily. 
Moreover, according to invention according to claim 7, the reference signal in which the fixed pattern noise of a pixel was 
made to reflect is memorized simply, the this memorized reference signal is compared with the electrical signal according to 
incident light by the simple approach, and a binary-ized signal can be acquired. 

[0038] Moreover, according to invention according to claim 8, the circuit which compares a reference signal with an electrical 
signal and generates a binary-ized signal can be attained with a simple configuration. Moreover, according to invention 
according to claim 9, since the detecting signal made binary is stored in the output signal storage means concerned, it can 
read the detecting signal concerned from an output terminal suitably to desired timing. 

[0039] Moreover, since the depletion layer produced in the pn junction section of the photodiode concerned does not reach on 
the surface of a pixel in the optoelectric transducer of each pixel according to invention according to claim 10, the dark current 
is controlled. 
[0040] 

[Embodiment of the Invention] 

(1st operation gestalt) The 1st operation gestalt of this invention is hereafter explained to a detail with reference to drawing 3 
from drawing 1 . 

[0041] Drawing 1 is the circuit diagram showing the outline configuration of the solid state camera 10 for binary-ized signal 
formation concerning the 1st operation gestalt. In addition, with this 1st operation gestalt, in order to simplify explanation, four 
pixels 1 , 1 , 1 , and 1 explain using the example arranged by the shape of a matrix (2x2 pieces). The photodiode PD with which 
a pixel 1 (a drawing 1 destructive line shows) generates and accumulates the charge according to incident light 
(photodetection section; optoelectric transducer) The transistor QA for magnification which outputs the electrical signal 
(analog signal) according to incident light to the source according to the signal charge supplied to regulatory region (control 
electrode; gate) (setting [ Magnification means; ] in this operation gestalt junction field effect transistor JFET of an n channel 
mold) MOS transistor QT (the 1st switching means) for a transfer for supplying selectively the charge generated and 
accumulated with said photodiode PD, and the potential (voltage levels VRS, VRF, and VRD) supplied from the vertical- 
scanning circuit 6 to said gate (regulatory region) (p channel mold). It is constituted by MOS transistor (p channel mold) QP 
for reset (the 2nd switching means) for resetting the signal charge accumulated in said gate (regulatory region). 
[0042] In addition, with this operation gestalt, the embedding photodiode of vertical mold overflow structure is used as a 
photodiode PD. Moreover, said MOS transistor QP for reset also has the work which supplies the potential (voltage levels 
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VRS, VRF, and VRD) according to the reference signal sent from the clock lines 4a and 4b to said gate (regulatory region). 
[0043] Moreover, supply voltage VD is connected to the cathode of said photodiode PD, and the signal charge according to 
incident light is outputted to it from this photodiode PD. Moreover, supply voltage VD is connected to the drain of said 
transistor QA for magnification, and the electrical signal (analog signal) according to the charge accumulated in the gate 
(regulatory region) by source follower actuation is outputted from the source. 

[0044] Moreover, common connection of the source of the transistor QA for magnification of each pixel 1 is respectively made 
for every train of matrix arrangement at vertical read-out line 2a and 2b. On the other hand, if common connection is made 
and driving pulse phiTGI or phiTG2 of a low level is given to the clock lines 3a and 3b connected to the vertical-scanning 
circuit 6 from the vertical-scanning circuit 6, MOS transistor QT for a transfer concerned will carry out sequential ON of the 
gate of MOS transistor QT for a transfer for every line. In addition, the vertical-scanning means is constituted by the vertical- 
scanning circuit 6, the clock lines 3a, 3b, and 4a, 4b", etc. 

[0045] Moreover, common connection of the drain of MOS transistor QP for reset is made on the clock lines 4a and 4b 
connected to the vertical-scanning circuit 6 for every line, and the gate is connected to the node 5 by the side of a driving 
pulse generating circuit (graphic display abbreviation) through line line 5a. Moreover, the source of MOS transistor QP for 
reset is the drain of MOS transistor QT for a transfer, and a share. And if pulse phiRG of a low level is given to the gate of 
MOS transistor QP for reset from said driving pulse generating circuit, this MOS transistor QP for reset turns on. 
[0046] Moreover, in the middle of the above mentioned vertical read-out line 2a and 2b, the binary-ized circuit (binary-ized 
means) 7 is arranged for every train (it is a drawing destructive line and shown). One terminal of the capacitors 001 and 002 
for binary-ized signal are recording is connected to vertical read-out line 2a of the output side of this binary-ized circuit 7, and 
2b through MOS transistor 001 for a switch (n channel mold), and Q02. 

[0047] Furthermore, the level read-out line 12 is connected to one [ said ] terminal of the capacitors 001 and 002 for binary- 
ized signal are recording through MOS transistors QH1 and QH2 for a level read-out switch (n channel mold), and the output- 
buffer amplifier 15 is connected to the latter part. In addition, the other-end child of the capacitors 001 and C02 for binary- 
ized signal are recording is grounded. 

[0048] In this case, it connects with the node 10 by the side of a driving pulse generating circuit (graphic display abbreviation) 
through clock line 10a, and when high-level driving pulse phiTO is given to the gate of said MOS transistor Q01 for a switch, 
and 002 from a driving pulse generating circuit, MOS transistor Q01 for a switch and Q02 turn on the gate of said MOS 
transistor 001 for a switch, and Q02. 

[0049] Moreover, each gate of said MOS transistors QH1 and QH2 for a level read-out switch It connects with the level 
selection-signal lines 1 la and 1 lb respectively. When the high-level driving pulse phiHI and phiH2 are given to each gate of 
said MOS transistors QH1 and QH2 for a level read-out switch from the horizontal scanning circuit 13 connected to said 
horizontal scanning circuit 13, these tum on. Control (horizontal scanning) of level read-out is performed. In addition, the 
horizontal scanning means is constituted by the level selection-signal lines 1 la and 1 1b and horizontal scanning circuit 13 
grade. 

[0050] Moreover, the drain of MOS transistor (n channel mold) QRSH for reset switches is connected to said level read-out 
line 12. As for this MOS transistor QRSH for reset switches, that source is grounded. And clock line 14a is connected to the 
gate of this MOS transistor QRSH for reset switches, and this clock line 14a is connected to the node 14 by the side of a 
driving pulse generating circuit (graphic display abbreviation). And when high-level driving pulse phiRSH is given to the gate 
of this MOS transistor QRSH for reset switches from a driving pulse generating circuit, this MOS transistor QRSH for reset 
switches is turned on. 

[0051] Moreover, said vertical read-out line 2a and 2b are connected to the drain and each constant current sources 17a and 
17b of MOS transistors QRSV1 and QRSV2 for reset switches (n channel mold) for every train. At this time, the source of 
MOS transistors QRSV1 and QRSV2 for reset switches is grounded, and supply voltage VC (negative) is connected to each 
constant current sources 17a and 17b. 

[0052] And it connects with the node 16 by the side of a driving pulse generating circuit (graphic display abbreviation) through 
clock line 16a, and when driving pulse phiRSV sent out from this driving pulse generating circuit is given to the gate of said 
MOS transistors QRSV1 and QRSV2 for reset switches, these MOS transistors QRSV1 and QRSV2 for reset switches turn 
on the gate of said MOS transistors QRSV1 and QRSV2 for reset switches. 

[0053] by the way, said binary-ized circuit 7 (a drawing 1 destructive line shows) carried out is arranged at vertical read-out 
line 2a which branched by the each nodes n1 and n2 to two read-out line 2a-1 , 2a-2 and 2bs -1 , and 2b -1 , and 2b. That is, 
MOS transistor OR (transfer means for switching) for a switch (n channel mold) and the capacitor OR for reference signal are 
recording (2nd storage means) are connected to read-out line 2a-1 and 2b -1. Moreover, MOS transistor OS (transfer means 
for switching) for a switch (n channel mold) and the capacitor OS for output-signal are recording (1st storage means) are 
connected to read-out line 2a-2 and 2b -2. 

[0054] And both two read-out line 2a-1 , 2a-2, read-out line 2bs -1 , and 2bs -1 by which branching was carried out [ above- 
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mentioned ] are connected to the electrical-potential-difference comparator AC (comparison means). A deer is carried out and 
the signal (binary-ized signal) made binary from this electrical-potential-difference comparator AC is outputted. On the other 
hand, if it connects with the nodes 8 and 9 by the side of a driving pulse generating circuit (graphic display abbreviation) 
through the clock lines 8a and 9a, respectively and high-level driving pulse phiTS and phiTR are respectively given to the gate 
from this driving pulse generating circuit, MOS transistors QS and QR for these switches turn on the gate of MOS transistors 
QS and QR for a switch. 

[0055] Next, actuation of the solid state camera 10 for binary-ized signal formation of the above-mentioned configuration is 
explained with reference to the timing chart of drawing 2 . In addition, in drawing 2 , periods t10-t17 show read-out actuation 
of the pixel 1 of the 1 st line of drawing 1 , and periods t20-t27 show read-out actuation of the pixel 1 of the 2nd line. 
[0056] As shown in drawing 2 , before continuing till a period t10, driving pulse phiTGI and phiTG2 are held high-level, driving 
pulse phiRDI and phiRD2 are held at a low level (voltage-level VRS), driving pulse phiRG is held high-level, driving pulse 
phiRSV, driving pulse phiTR, and phlTS are held at a low level, and driving pulse phlTO is held at a low level. In addition, all 
of a driving pulse phiH1 , phiH2, and driving pulse phiRSH are held at a low level. 

[0057] And if it continues till a period t10, driving pulse phiRG is reversed by the low level, driving pulse phiRSV will be 
reversed high-level and driving pulse phiTR and phiTS will be reversed high-level. 

[0058] A deer is carried out, and if driving pulse phiRG is set to a low level, MOS transistor (p channel mold) QP for reset will 
serve as ON. Moreover, if driving pulse phiRSV becomes high-level, MOS transistors QRSV1 and QRSV2 for reset switches 
(n channel mold) will serve as ON. Moreover, if driving pulse phiTR and phiTS become high-level, MOS transistors QR and 
QS for a switch (n channel mold) will serve as ON. 

[0059] Since driving pulse phiTO is held at a low level at this time, MOS transistor 001 for a switch and 002 are off. 
Furthermore, both driving pulse phiRDI and phiRD2 serve as voltage-level VRS (low level), and the electrical potential 
difference VRS gets across to the gate (regulatory region) of each transistor OA for magnification through the transistor QP 
for reset used as ON. 

[0060] At this time, bias of the gate (regulatory region) of the transistor OA for magnification is carried out to voltage-level 
VRS. This potential is a low level and becomes off [ this transistor OA for magnification ]. Moreover, in this period tlO, since 
MOS transistors QRSV1 and QRSV2 for reset switches sen/e as both ON as described above, the source of the transistor QA 

for magnification of all the pixels 1 is grounded. 

[0061] Since MOS transistors QR and QS for a switch are turned on as mentioned above at this time (period tlO), the signal 
charge which remains to the capacitor CR for reference signal are recording and the capacitor CS for output-signal are 
recording is also discharged at the constant current source 17a and 17b side (reset). In addition, in this period tlO, since both 
driving pulse phiTGI and phiTG2 are held high-level, MOS transistor QT for a transfer (p channel mold) has become off, and 
the charge (signal charge) according to incident light is generated and accumulated with each photodiode PD. 
[0062] Next, if it continues till a period t1 1 , driving pulse phiRDI will be made into a reference voltage level VRF, and driving 
pulse phiTS will be reversed by the low level. MOS transistor OS for a switch (n channel mold) becomes off by driving pulse 
phiTS of the above-mentioned low level. Moreover, said reference voltage level VRF is supplied to the gate (regulatory 
region) of the transistor QA for magnification of each pixel 1 of the 1st line through MOS transistor QP for reset of the 1st line 
already held at ON at this time. 

[0063] Thus, while turning on the transistor QA for magnification of the 1st line to which the reference voltage level VRF was 
supplied, bias of the gate (regulatory region) of this transistor QA for magnification is carried out to a reference voltage level 
VRF. In addition, since driving pulse phiRD2 continues being a low level (voltage-level VRS), each transistor QA for 
magnification of the 2nd line is held at OFF (un-choosing), while the gate (regulatory region) has been voltage-level VRS. 
[0064] Next, if it continues till a period t12, driving pulse phiRDI will be set to voltage-level VRS (low level), and driving pulse 
phiRSV will be reversed for driving pulse phiRG by the low level high-level. When said driving pulse phiRG becomes high- 
level, MOS transistor (p channel mold) QP for reset will become off, the gate (regulatory region) of the transistor QA for 
magnification of the 1st line will be in floating, but with the capacity which is parasitic on the gate of this transistor QA for 
magnification, while bias of the electrical potential difference of this gate had been carried out to said reference voltage level 
VRF, the condition is held. 

[0065] Moreover, in this period t12, since driving pulse phiRSV sen/es as a low level as mentioned above, both MOS 
transistors QRSV1 and QRSV2 for reset switches (n channel mold) become off. In addition, since driving pulse TS is still a 

low level, MOS transistor QS for a switch (n channel mold) is still off. 

[0066] Consequently, in a period t12, the transistor QA for magnification of the 1st line chosen in the period t1 1 (ON) carries 
out source follower actuation, and the current (drain current) on which the potential (this potential is set to VSR) of the source 
of this transistor QA for magnification flows between that source drain goes up until it is set to IB (current value which flows to 
constant current sources 17a and 17b). A deer is carried out, and at this time, through MOS transistor QR for a switch which 
already serves as ON, Current (drain current) IB flows to the capacitor CR for reference signal are recording, and it is charged 
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so that the electrical potential difference of those ends may serve as VSR. 

[0067] In addition, in a period t12, when the current which flows between source drains by source follower actuation is set to 
IB, the potential VSR of the source of the transistor QA for magnification becomes the value shown in a degree type (1). 
VSR=VRF-VT "(1) 

Here, VT is an electrical potential difference between the gate sources in case the drain current of each transistor QA for 

magnification is IB. 

[0068] Next, if it continues till a period t13, driving pulse phiRG will be reversed by the low level and driving pulse phiTR will 
be reversed by the low level. When driving pulse phiTR sen/es as a low level, MOS transistor QR for a switch (n channel 
mold) becomes off, and the capacitor CR for reference signal are recording holds the potential VSR expressed with said 
formula (1) charged in the period t12. 

[0069] Moreover, when driving pulse phiRG sen/es as a low level, MOS transistor (p channel mold) QP for reset serves as 
ON. Next, if it continues till a period t14, driving pulse phiRDI will serve as a voltage level VRD (= read-out level <VRF). 
through each MOS transistor QP for reset switches of the 1st line which is already alike and serves as ON at this time, said 
electrical potential difference VRD carries out reading appearance of propagation and this gate at the gate (regulatory region) 
of each transistor QA for magnification of the 1 st line, and bias is carried out to level VRD. 

[0070] Next, if it continues till a period t15, driving pulse phiTGI will be reversed by the low level, driving pulse phiRDI will be 
reversed by the low level (voltage-level VRS), and driving pulse phiRG will be reversed high-level. And with the capacity 
which is parasitic on the gate of the MOS transistor QP concerned, although said MOS transistor QP for reset will become off 
and the gate (regulatory region) of the transistor QA for magnification of the 1st line will be in floating by reversing driving 
pulse phiRG high-level, the electrical potential difference of this gate is held, while bias had been carried out to the voltage 
level VRD by it. 

[0071 1 Moreover, when driving pulse phiTGI is reversed by the low level, MOS transistor QT for a transfer of the pixel 1 of the 
1st line turns on. At this time, the signal charge generated and accumulated in the photodiode PD of the pixel 1 of the 1st line 
is transmitted to the gate (regulatory region) of the transistor QA for magnification of the pixel 1 of the 1 st line. And from the 
transistor QA for magnification of the 1st line, the electrical signal (voltage signal) according to the charge (signal charge) 
received to the gate (regulatory region) is outputted to vertical read-out line 2a and 2b by transfer of this signal charge by 
source follower actuation. 

[0072] That is, if the signal charge according to incident light is supplied to the gate (regulatory region) of the transistor QA for 
magnification from Photodiode PD as mentioned above, the potential of the gate of the transistor QA for magnification will 
also rise according to the supplied charge. And by lifting of this potential, the transistor QA for magnification of the 1st line will 
carry out source follower actuation, and the potential of the source of the transistor QA for magnification concerned will also 
rise according to a gone up part of the potential of said gate. 

[0073] And at the time of termination of a period t15, i.e., initiation of a period t16, shortly, it is reversed high-level and driving 
pulse phiTGI becomes again off [ MOS transistor QT for a transfer of the 1st line ]. Off [ this MOS transistor QT for a 
transfer ], therefore, it is generated in the photodiode of the pixel 1 of the 1st line, and although a transfer of the accumulated 
signal charge will be completed and the gate (regulatory region) of the transistor QA for magnification of the 1st line will be in 
floating again, the electrical potential difference of this gate is held with the capacity which is parasitic on the gate of the 
transistor QA for magnification, with the part of the signal charge transmitted from Photodiode PD going up. 
[0074] Next, if it continues till a period t16, driving pulse phiTS and phiTO will be reversed high-level. And MOS transistor OS 
for a switch (n channel mold) is turned on because driving pulse phiTS becomes high-level. By ON of this MOS transistor OS 
for a switch, the charge according to the potential of the source of the transistor QA for magnification of the 1st line is charged 
by the capacitor OS for output-signal are recording. 

[0075] When driving pulse phiTO becomes high-level on the other hand, both MOS transistor 001 for a switch and 002 
serve as ON. By the way, when the current which flows between source drains by source follower actuation of the transistor 
QA for magnification is set to IB also in this period t16, the potential (it expresses with VSS) of the source of this transistor QA 
for magnification serves as a value shown by the following formulas (2). 
[0076] 

VSS=VRD-hVS-VT" (2) 

Here, the electrical potential difference between the gate sources in case the drain current of VT of each transistor QA for 
magnification is IB, and VS are gone up parts of gate potential expressed with (the charge/gate capacitance) according to 
incident light. 

[0077] Moreover, since driving pulse phiTS is high-level (MOS transistor OS for a switch turns on), the ends of the capacitor 
CS for output-signal are recording serve as the potential VSS expressed with said formula (2) charged in the period t16 
concerned. In addition, this potential VSS will be charged by the capacitor CS for output-signal are recording by the event of a 
low level being reversed and said driving pulse phiTS becoming off [ MOS transistor OS for a switch ] at the time of 
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termination of a period t16 (at the time of initiation of a period t17). 

[0078] Thus, in the ends of the capacitor CR for reference signal are recording, an electrical potential difference VSD (= VRF- 
VT) is held, from the electrical-potential-difference comparator AC, the size of electrical potential differences VSD and VSS 
produced to the capacitor CR for these reference signal are recording and the capacitor CS for output-signal are recording is 
compared, and the binary-ized signal showing this comparison result is outputted because the ends of the capacitor CS for 
output-signal are recording sen/e as an electrical potential difference VSS (= VRD+VS-VT). 

[0079] Moreover, in this period t16, since driving pulse phiTO is high-level, MOS transistor Q01 for a switch (n channel mold) 
and Q02 serve as ON, and the value of a binary-ized signal is stored in the capacitors C01 and C02 for binary-ized signal 
are recording through MOS transistor 001 for these switches (n channel mold), and 002. In addition, both a driving pulse 
phiH1 and phiH2 are tow level at this time, and both MOS transistors 0H1 and 0H2 for a switch (n channel mold) are off. 
[0080] By the way, about a reference voltage level VRF, if it is a bigger value than the read-out electrical potential difference 
VRD, the value can be set as arbitration, now, temporarily, if reading appearance of the reference voltage level is carried out 
and an electrical potential difference VRD is set to criteria (for example, carrying out reading appearance the sum of an 
electrical potential difference VRD and reference voltage VREF setting out), reference voltage VREF can be directly 
compared with said signal level VS carried out. 

[0081] When the reference voltage level at this time is set to VSR1 , the value of VSR1 is expressed with a degree type (3). 
VSR1=VRF-VT=VRD+VREF-VT - (3) 

Therefore, the difference (comparison result) of an electrical potential difference VSS and an electrical potential difference 

VSR1 serves as relation shown in a degree type (4). 

[0082] 

VSS-VSR1 =(VRD+VS-VT)-(VRD-hVREF-VT) 
= VS-VREF" (4) 

Therefore, the output of the electrical-potential-difference comparator AC serves as a binary-ized signal which compared the 
signal level VS and reference voltage VREF according to the charge obtained with Photodiode PD, and was acquired. 
[0083] A deer is carried out, if the signal level VS according to incident light is larger than reference voltage VREF, the output 
of the electrical-potential-difference comparator AC will serve as supply voltage VD (high-level), and if the signal level VS 
according to incident light is smaller than reference voltage (VREF), the output of the electrical-potential-difference 
comparator AC will serve as touch-down level (low level). If it puts in another way, the signal level VS according to incident 
light will be changed into a binary-ized signal by the electrical-potential-difference comparator AC by making reference 
voltage VREF into threshold level. 

[0084] In addition, it is known that the value of the electrical potential difference VT between the gate sources in top type (1) - 
(4) will cause dispersion and a fixed pattern noise for every transistor OA for magnification. As a deer is carried out and the 
drain current of the same transistor OA for magnification both [ above ] serves as the fixed value IB, since an electrical signal 
(signal level) is read and compared with a reference signal (reference voltage), in case it changes into a binary-ized signal, 
the effect of the binary-ized signal concerned on the fixed pattern noise resulting from dispersion for every transistor OA for 
magnification of each pixel 1 can be removed. 

[0085] Thus, the binary-ized signal outputted from the electrical-potential-difference comparator AC is charged by the 
capacitors C01 and C02 for binary-ized signal are recording through MOS transistor 001 for a switch and 002 which are 
held at ON at this event (period t1 6). 

[0086] And at the time of termination of the above-mentioned period t16, since driving pulse phiTO is reversed by the low 
level, MOS transistor 001 for a switch and 002 will become off, and the capacitors C01 and C02 for binary-ized signal are 
recording will be in floating. Consequently, a binary-ized signal is held respectively at the capacitors C01 and C02 for binary- 
ized signal are recording. Next, if it continues till a period t17, the driving pulse phiH1 from the horizontal scanning circuit 13 
will be started by fixed period high level, and will be held after that at a low level. 

[0087] moreover, predetermined spacing after said driving pulse phiHI was held about the driving pulse phiH2 at a low level - 
it is, fixed period high level rises, and it is held after that at a low level. Furthermore, in between, before actuation phiH2 starts 
about driving pulse phiRSH after said driving pulse phiHI falls to a low level, after fixed period high level rises, it is held after 
that at a low level and said driving pulse phiH2 falls to a low level after that, fixed period high level rises again and it is held 
after that at a low level. 

[0088] A deer is carried out, reading appearance of the binary-ized signal currently held at the capacitor CO 1 for binary-ized 
signal are recording is carried out to the level read-out line 12 by high-level change-over of a driving pulse phiHI to the 
change-over timing, and it is outputted one by one to an output terminal VO through the output-buffer amplifier 15. If MOS 
transistor QRSH for reset switches is turned on by high-level change-over of continuing driving pulse phiRSH, said level read- 
out line 12 will be reset by it (initialization). Since a part of this electrical signal (voltage signal) is held with it at the parasitic 
capacitance concerned when reading appearance of the voltage signal is carried out to the level read-out line 12 by the 
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parasitic capacitance of the level read-out line 12, this is for resetting the electrical signal which remains on this level read-out 
line 12. 

[0089] And reading appearance of the binary-ized signal currently held at the capacitor CO 2 for binary-ized signal are 
recording is carried out to the level read-out line 12 by high-level change-over of a driving pulse phiH2 to the change-over 
timing, and it is outputted one by one to an output terminal VO through the output-buffer amplifier 15. Finally, if driving pulse 
phiRSH cuts high-level and replaces, MOS transistor QRSH for reset switches will be turned on, and said level read-out line 
12 will be reset again (initialization). 

[0090] in addition, said electrical signal (voltage signal) which was carried out and in which carries out reading appearance 
and reading appearance is carried out to the level read-out line 12 by the effect of the parasitic capacitance of a line, although 
time amount is taken until a wave becomes blunt and it reaches a steady state With this operation gestalt, since the electrical 
signal (voltage signal) which appears in the level read-out line 12 is already changed into the binary-ized signal, even if it 
does not reach a steady state, the distinction of any to express between high level/low level of the electrical signal is attained, 
and improvement in the speed of the read-out actuation is attained. 

[0091] At the time of termination of a period t17 (until it continues till a period t20), driving pulse phiRG is reversed by the low 
level and driving pulse phiRSV, driving pulse phiTR, and driving pulse phiTS are reversed high-level. And when said driving 
pulse phiRG serves as a low level, MOS transistor QP for reset switches serves as ON. 

[0092] Moreover, when driving pulse phiRSV becomes high-level, both MOS transistors QRSV1 and QRSV2 for a switch 
serve as ON, and the charge on vertical read-out line 2a and 2b is discharged. Moreover, when driving pulse phiTR and 
phiTS become high-level, MOS transistors OR and OS for a switch become off, and the charge accumulated in the capacitor 
CR for reference signal are recording and the capacitor OS for output-signal are recording is discharged. 
[0093] Read-out actuation of the pixel of the 1st line in the periods t10-t17 shown above is similarly performed in the 
continuing periods t20-t27 repeatedly to the pixel of the 2nd line. 

[0094] Next, the concrete configuration of the pixel 1 shown in drawing 1 is explained to a detail using drawing 3 (A) - (C). The 
pixel 1 is constituted by MOS transistor QP for reset which resets the charge of junction field effect transistor OA which 
amplifies the signal charge accumulated in the embedding photodiode PD of the vertical mold overflow structure which 
generates and accumulates the signal charge according to incident light, and this embedding photodiode PD, MOS transistor 
QT for a transfer which transmits the signal charge accumulated in said embedding photodiode PD to the gate of this junction 
field effect transistor QA, and the gate of said junction field effect transistor OA as shown in drawing 1 . 
[0095] Drawing 3 (A) Drawing 3 (A) is the top view showing the example of device structure of a pixel 1 , - (C) is drawing 
showing the device structure of the pixel 1 shown in drawing 1 , among these drawing 3 (C) is [ drawing 3 (B) is the sectional 
view which met XI -XI line of drawing 3 (A), and ] the sectional view which met Y1 -Y1 line of drawing 3 (A). The embedding 
photodiode PD which generates and accumulates the signal charge according to incident light as a pixel 1 is shown in 
drawing 3 (A) - (C) The transistor QA for magnification which outputs the electrical signal according to the signal charge 
received to the gate (regulatory region) (JFET) MOS transistor QT for a transfer which transmits the signal charge generated 
and accumulated by said embedding photodiode PD to the gate (regulatory region) of this transistor (JFET) QA for 
magnification. It is constituted by MOS transistor QP for reset which resets the charge of the gate (regulatory region) of said 
transistor (JFET) QA for magnification. 

[0096] Among these, as shown in drawing 3 (G), MOS transistor QT for a transfer uses p field of the embedding photodiode 
PD, and p mold gate field of the transistor (JFET) QA for magnification for two diffusion layers, and is constituted as a p 

channel mold MOS transistor which made TG the gate. 

[0097] Moreover, MOS transistor QP for reset is constituted as a p channel mold MOS transistor which uses as the source p 
field which constitutes [ RG ] the gate of a drain and the transistor QA for magnification for RD (p field) to the gate, as shown 
in drawing 3 (B). Moreover, embedding photodiode PD itself forms the embedding photodiode (it embeds by npn, a 
photodiode is constituted and overflow structure is constituted by pnp.) of the vertical mold overflow structure of a npnp mold 
toward a p type silicon substrate (p-Sub) from n mold silicon layer (n+) front face, as shown in drawing 3 (A) - (0). 
[0098] Therefore, since a charge does not remain in Photodiode PD after the dark current is controlled and a signal charge is 
transmitted, since the depletion layer produced in the pn junction section with the embedding photodiode PD does not arrive 
at a front face while being able to control the phenomenon of blots, such as a blooming and a smear, according to the 
overflow structure which absorbs the overflowing carrier, an after-image and the ideal property which stopped the reset noise 
can be acquired, 

[0099] Moreover, the transistor (JFET) QA for magnification itself consists of an n-H mold source field and an n-i- mold drain 
field, and p mold gate field (p gate) and an n-type channel field (n channel), as shown in drawing 3 (A) - (C). Among these, p 
mold gate field (p gate) has separated electrically this p mold gate field (p gate) and a p type silicon substrate (p-Sub) by n 
well (n-Well) while making it flow through both (p mold gate field (p gate) formed up and down) electrically in the part in which 
an n-type channel field (n channel) is formed in up and down, and a channel is not formed. 
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[0100] Consequently, the effect of the substrate electrical potential difference given to the property of photodiode PD own [ as 
an optoelectric transducer ] (the substrate bias effectiveness) is reduced substantially, and big effectiveness is shown in 
aiming at improvement in the resolution of each pixels 1, 1, 1, and 1, and reduction (for example, reduction of a fixed pattern 
noise) of dispersion in a property. 

[0101] As mentioned above, since the path in which the electrical signal according to incident light is acquired from 
Photodiode PD, and the path from which a reference signal is acquired are the same according to the solid state camera 10 
for binary-ized signal formation of this 1 st operation gestalt, not to mention a picture element part, the effect of dispersion 
(dispersion on manufacture of a capacitor, the MOS transistor for a switch, etc.) for every train of the circumference circuit 
element following it can be lost, and a S/N ratio can be made high. 

[0102] Moreover, since clearance of the fixed pattern noise resulting from the dark current currently performed conventionally 
is performed according to the generate time of the above-mentioned reference signal, the differential amplifier which was 
required for clearance of the fixed pattern noise concerned becomes unnecessary conventionally. 
(2nd operation gestalt) Next, the solid state camera 20 for binary-ized signal formation of the 2nd operation gestalt is 
explained with reference to drawing 4 and drawing 5 . 

[0103] Only the configurations of the solid state camera 10 for binary-ized signal formation of the 1st operation gestalt and the 
binary-ized circuit 27 which described above the solid state camera 20 for binary-ized signal formation of this 2nd operation 
gestalt differ. Therefore, among the solid state cameras 20 for binary-ized signal formation, about the same configuration as 
the solid state camera 10 for binary-ized signal formation, the same sign is attached and the explanation is omitted. The 
binary-ized circuit 27 of the solid state camera 20 for binary-ized signal formation As shown in drawing 4 in a broken line, 
MOS transistor OB (bias means) for bias (p channel mold), MOS transistor ORB (bias storage means; sample hold means for 
switching) for a switch (p channel mold), MOS transistor QSB (means for switching) for a switch (n channel mold), The 
capacitor CRB (bias storage means; bias charge storage means) for bias are recording. It is constituted by MOS transistor 
OX (current detection means) for current detection (n channel mold), MOS transistor QY for a binary-ized output (n channel 
mold), and the current source OS for loads and Inverter AX. And the binary-ized signal which compared the electrical signal 
according to the incident light from a pixel 1 with the predetermined reference signal, and was acquired from the above- 
mentioned inverter AX is outputted. In addition, this binary-ized circuit 27 is arranged at that middle at every each vertical 
read-out line 22a and 22b (every common train of two or more pixels 1 , 1 , 1 , and 1 arranged in the shape of a matrix). 
[0104] MOS transistor QB for bias which constitutes the binary-ized circuit 27 is connected to the vertical read-out lines 22a 
and 22b by which between the source drain (principal current path) corresponds respectively, and, more specifically, the gate 
is connected to one terminal of the capacitor CRB for bias are recording. In addition, the other-end child of this capacitor CRB 
for bias are recording is grounded. 

[0105] Moreover, one [ said ] terminal of said capacitor CRB for bias are recording is connected to the node n21 to which the 
source of MOS transistor QB for bias is connected through MOS transistor ORB for a switch. Furthermore, constant current 
sources (current source) 17a and 17b are connected to this node n21. Moreover, the drain of MOS transistor QX for current 
detection, the gate, and the gate of MOS transistor QY for a binary-ized output are connected to the downstream (method of 
drawing 4 Nakashita) of said node n21 through MOS transistor QSB for a switch. 

[0106] In this case, supply voltage VC (negative) is respectively connected to the source of MOS transistor QX for current 
detection, and the source of MOS transistor QY for a binary-ized output. Furthermore, as for said MOS transistor QY for a 
binary-ized output, the drain is connected to the input terminal of the current source CS for loads, and Inverter AX. In this 
case, supply voltage VD (fonward) is connected to this constant current source CS for loads. 
[0107] In addition, as for above mentioned MOS transistor ORB for a switch, the gate is connected to the node n23 by the 
side of a driving pulse generating circuit (graphic display abbreviation) through clock line 23a. If a deer is carried out and 
driving pulse phiR of a low level is given to the gate of said MOS transistor QRB for a switch (p channel mold) from a driving 
pulse generating circuit, MOS transistor QRB for a switch concerned turns on. 

[0108] Moreover, the gate of said MOS transistor QSB for a switch is connected to the node n24 by the side of a driving pulse 
generating circuit (graphic display abbreviation) through clock line 24a. If a deer is carried out and high-level driving pulse 
phiS is given to the gate of said MOS transistor QSB for a switch (n channel mold) from a driving pulse generating circuit, 
MOS transistor QSB for a switch concerned turns on. 

[0109] Next, generation of the binary-ized signal by this solid state camera 20 for binary-ized signal formation is explained 
with reference to the timing chart shown in drawing 5 . In addition, the periods t10-t17 shown in drawing 5 show read-out 
actuation of the pixel 1 of the 1 st line, and periods t20-t27 show read-out actuation of the pixel 1 of the 2nd line. 
[01 10] As shown in drawing 5 , before continuing till a period tlO, driving pulse phiTGI , phiTG2, driving pulse phiRG, and 
driving pulse phiR is held high-level, and driving pulse phiRDI and phiRD2 are held at a low level (voltage-level VRS). 
Moreover, all of other driving pulse phiS, driving pulse phiTO, a driving pulse phiHI , phiH2, and driving pulse phiRSH are held 
at a low level. 
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[01 1 1] And if it continues till a period tlO, driving pulse phiRG will be reversed by the low level and MOS transistor (p channel 
mold) QP for reset in a pixel 1 wilt serve as ON. Furthermore, both driving pulse phiRDI and phiRD2 serve as voltage-level 
VRS (low level), and the electrical potential difference VRS gets across to the gate (regulatory region) of each transistor QA 
for magnification through said transistor QP for reset used as ON, 

[01 12] In addition, at this time, since both driving pulse phiTGI and phiTG2 are held high-level, MOS transistor QT for a 
transfer (p channel mold) has become off, with each photodiode PD, the charge (signal charge) according to incident light is 
generated, and they are accumulated. Although a deer is carried out and bias of the gate (regulatory region) of the transistor 
QA for magnification is carried out to voltage-level VRS, since it has a low level like the case of the 1st operation gestalt about 
that output at this event (initial state), the transistor QA for these magnification is off as a whole. 
[0113] Moreover, since driving pulse phiR is held high-level succeedingly, MOS transistor ORB for a switch (p channel mold) 
is off. Moreover, since driving pulse phiS is held succeedingly at a low level, its MOS transistor QSB for a switch (n channel 
mold) is also off. Moreover, since driving pulse phiTO is held at a low level at this time, MOS transistor Q01 for a switch and 
002 are off. 

[01 14] Next, if it continues till a period t1 1 , driving pulse phiRDI will be made into a reference voltage level VRF, and driving 
pulse phiR will be reversed by the low level. And the reference voltage level VRF of above-mentioned driving pulse phiRDI is 
supplied to the gate (regulatory region) of the transistor QA for magnification of a pixel 1 through MOS transistor QP for reset 
which already serves as ON, and bias of the gate (regulatory region) of this transistor QA for magnification is carried out to a 
reference voltage level VRF. 

[01 15] In addition, since driving pulse phiRD2 continues being a low level (voltage-level VRS), each transistor QA for 
magnification of the 2nd line is held at OFF (un-choosing). Moreover, in this period t1 1 , since driving pulse phiR is set to a low 
level as described above, MOS transistor ORB for a switch (p channel mold) serves as ON, and the gate and the drain of 
MOS transistor QB for bias are connected. 

[01 16] At this time, the potential of the source of the transistor QA for magnification and the gate of MOS transistor QB for 
bias is automatically set up so that the drain current of the transistor QA for magnification of the 1 st line and the drain current 
of MOS transistor QB for bias may serve as IB (current value which flows to constant current sources 17a and 17b). Moreover, 
the potential of the gate of MOS transistor QB for bias at this time is held between the capacitors CRB for bias are recording. 
[01 17] Next, if it continues till a period t12, driving pulse phiRDI will be returned to a low level (voltage-level VRS), and driving 
pulse phiRG and driving pulse phiR will be reversed high-level. Although MOS transistor QP for reset in a pixel 1 will become 
off and the gate (regulatory region) of the transistor QA for magnification of the 1st line will be in floating when above- 
mentioned driving pulse phiRG becomes high-level, gate voltage holds a condition [ that bias is carried out to a reference 
voltage level VRF ] with the parasitic capacitance of the gate. 

[01 18] Moreover, although MOS transistor QRB for a switch (p channel mold) will become off and the gate of MOS transistor 
QB for bias will be in floating in a period t12 since driving pulse phiR becomes high-level as mentioned above, the electrical 
potential difference of the gate of MOS transistor QB for bias is held by the capacitor CRB for bias are recording at the bias 
level (bias level from which the drain current of MOS transistor QB for bias sen/es as IB) set up in the period t1 1 at this time. 
[01 19] If it continues till a period t13, driving pulse phiRG will be again reversed by the low level. MOS transistor QP for reset 
in a pixel 1 serves as ON again, and the electrical potential difference of the gate (control electrode) of the transistor QA for 
magnification of the pixel 1 of the 1st line is again held by reversal of this driving pulse phiRG at voltage-level VRS (level of 
driving pulse phiRDI). 

[0120] If it continues till the next period t14, driving pulse phiRDI will serve as a voltage level VRD (= read-out level <VRF) 
shortly. Through MOS transistor QP for reset switches in the pixel 1 which already sen/es as ON, this voltage level VRD is 
supplied to the gate (regulatory region) of each transistor QA for magnification of the 1st line, and the electrical potential 
difference of the gate (regulatory region) of the transistor QA for magnification reads it, and it is held at level VRD. 
[0121] If it continues till a period t15, driving pulse phiTGI is reversed by the low level, driving pulse phiRDI will be returned 
to voltage-level VRS (low level), and driving pulse phiRG will be reversed further high-level. When said driving pulse phiRG 
becomes high-level, MOS transistor QP for reset switches in a pixel 1 becomes off. 

[0122] On the other hand, when driving pulse phiTGI sen/es as a low level, MOS transistor QT for a transfer of each pixel 1 
of the 1st line sen/es as ON, and generation and the accumulated signal charge are transmitted to the gate (regulatory 
region) of the transistor QA for magnification of the 1st line in the photodiode PD of each pixel 1 of the 1st line. The transistor 
QA for carrier beam magnification generates the electrical signal corresponding this signal charge to the signal charge 
concerned to that gate at that source, and outputs the electrical signal (voltage signal) concerned to the vertical read-out lines 
22a and 22b at it. 

[0123] And if it continues till a period t16, driving pulse phiTGI , driving pulse phiS, and driving pulse phiTO will be reversed 
high-level. When above-mentioned driving pulse phiTGI becomes high-level, MOS transistor QT for a transfer of the 1st line 
(p channel mold) becomes off, and a transfer of the signal charge from a pixel 1 is completed. 
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[0124] At this time, that condition is held only for the part of the charge transmitted from Photodiode PD with the parasitic 
capacitance of the gate, with the electrical potential difference of the gate of the transistor QA for magnification rising (below- 
mentioned VS). Moreover, when the above-mentioned driving pulse phiS becomes high-level, MOS transistor QSB for a 
switch serves as ON and the above-mentioned driving pulse phiTO becomes high-level, MOS transistor Q01 for a switch and 
Q02 serve as ON. 

[0125] By the way, by the time it continued till the period t16, as it described above, when the gate potential of the transistor 
QA for magnification is reference level VRF (period t1 1), the predetermined electrical potential difference is held at the gate of 
MOS transistor QB for bias so that the drain current of this transistor QA for magnification and the drain current of MOS 
transistor QB for bias may serve as IB (current value which flows to constant current sources 17a and 17b). 
[0126] Therefore, in this period t16, if the gate potential of said transistor QA for magnification rises according to the signal 
charge from Photodiode PD and the gate potential of the transistor QA for magnification becomes high from VRF, the drain 
current of the transistor QA for magnification and the drain current of MOS transistor QB for bias will become larger than IB 
(current value which flows to constant current sources 17a and 17b) temporarily. 

[0127] Moreover, if the potential of the gate of the transistor QA for magnification becomes lower than VRF, the drain current 
of the transistor QA for magnification and the drain current of MOS transistor QB for bias will become smaller than IB (current 
value which flows to constant current sources 1 7a and 1 7b) temporarily. When gate potential of this transistor QA for 
magnification after the charge according to incident light was transmitted to the gate (regulatory region) of the transistor QA 
for magnification here is set to VGS, this potential VGS is expressed with a degree type (5). 
[0128] 

VGS=VRD+VS - (5) 

VS is a value expressed with (the charge/gate capacitance) according to incident light here, incidentally, the reference voltage 
level VRF supplied to the gate of the transistor QA for magnification through MOS transistor OP for reset switches in said 
period t1 1 carried out can be set as arbitration (however, carrying out reading appearance and becoming larger than an 
electrical potential difference VRD conditions). 

[0129] Now, temporarily, if the drain current of the transistor QA for magnification is IB when it is compulsorily set as the value 
VGB (=VRF=VRD+VREF) of a request of this reference voltage level VRF, the value VGS of the gate voltage of the transistor 
QA for magnification will turn into a value shown in a degree type (6). 
VGS-VGB =(VRD+VS)-(VRD+VREF 
= VS-VREF- (6) 

Temporarily, when the drain current of the transistor QA for magnification and the drain current of MOS transistor QB for bias 
are set to ID and the above-mentioned electrical-potential-difference value VGS is larger than the electrical-potential- 
difference value VGB, the value (it expresses with ID) of a drain current becomes large from the current value IB which flows 
according to the above-mentioned constant current sources 17a and 17b (when VS is larger than VREF). 
[0130] At this time, the current (ID-IB) of the difference of these currents ID and Current IB flows between the drain sources of 
MOS transistor QX for current detection through MOS transistor QSB for a switch used as ON by work of constant current 
sources 17a and 17b at this event. Here, since said MOS transistor QX for current detection and MOS transistor QY for a 
binary-ized output constitute current Miller circuit, a drain current is supplied to said MOS transistor QY for a binary-ized 
output. 

[0131] At this time, the drain potential of MOS transistor QY for a binary-ized output falls (low level), and the output of Inverter 
AX serves as supply voltage level (high-level). Since a current value ID becomes smaller than IB reversely when a value VGS 
is smaller than a value VGB (when a value VS is smaller than a value VREF), a current does not flow between the source 
drains of said MOS transistor QX for current detection. Therefore, both the gate of said MOS transistor QX for current 
detection and the gate potential of MOS transistor QY for a binary-ized output fall, and become off [ MOS transistor QY for a 
binary-ized output]. 

[0132] At this time, drain potential rises (high-level) and the output of Inverter AX serves as touch-down level (low level). Thus, 
in the solid state camera 20 for binary-ized signal formation of this operation gestalt, the electrical signal from a pixel 1 will be 
made binary in this binary-ized circuit 27 by making a reference voltage level VRF (reference voltage VREF) into threshold 

level. 

[0133] tn addition, what the value of the electrical potential difference VT between these gate sources varies for every 
transistor QA for magnification depending on the value of the electrical potential difference VT between the gate sources in 
the drain current ID of the transistor QA for magnification (factor of a fixed pattern noise) is known. In case it changes into a 
binary-ized signal by carrying out a deer, and carrying out bias of the gate of the transistor QA for magnification as mentioned 
above so that a current may serve as a fixed value (IB), the effect of the binary-ized signal concerned on the fixed pattern 
noise resulting from dispersion for every transistor QA for magnification of each pixel 1 can be removed. 
[0134] The binary-ized signal outputted from the above-mentioned inverter AX is charged by the capacitors 001 and 002 for 
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binary-ized signal are recording through MOS transistor Q01 for a switch which serves as ON in the period t1 6 concerned, 
and Q02. And if it continues till a period t17, driving pulse phiS and driving pulse phiTO will be reversed by the low level. And 
when driving pulse phiTO serves as a low level, both MOS transistor 001 for a switch and 002 beconne off, the capacitors 
001 and 002 for binary-ized signal are recording will be in floating, and a binary-ized signal is held at the capacitors 001 
and 002 for binary-ized signal are recording. Furthermore, when the above-mentioned driving pulse phiS is set to a low level, 
said MOS transistor QSB for a switch serves as OFF. 

[0135] Next, if it continues till a period t17, like the case of the 1st operation gestalt, the driving pulse phiHI from the 
horizontal scanning circuit 13 will be started by fixed period high level, and will be held after that at a low level, moreover, 
predetermined spacing after said driving pulse phiHI was held about the driving pulse phiH2 at a low level - it is, fixed period 
high level rises, and it is held after that at a low level. 

[0136] Furthermore, in between, before actuation phiH2 starts about driving pulse phiRSH after said driving pulse phiHI falls 
to a low level, after fixed period high level rises, it is held after that at a low level and said driving pulse phiH2 falls to a low 
level after that, fixed period high level rises again and it is held after that at a low level. 

[0137] A deer is carried out, reading appearance of the binary-ized signal currently held at the capacitor 00 1 for binary-ized 
signal are recording is carried out to the level read-out line 12 by high-level change-over of a driving pulse phiHI , and it is 
outputted one by one to an output terminal VO through the output-buffer amplifier 15. If MOS transistor QRSH for reset 
switches is turned on by high-level change-over of continuing driving pulse phiRSH, said level read-out line 12 will be reset by 
it (initialization). Since this has a possibility that a part of this electrical signal (voltage signal) may be held at the parasitic 
capacitance concerned when reading appearance of the electrical signal (voltage signal) is carried out to the level read-out 
line 1 2 by the parasitic capacitance of the level read-out line 1 2, it is actuation for resetting the electrical signal which remains 
on this level read-out line 12. 

[0138] And reading appearance of the binary-ized signal currently held at the capacitor CO 2 for binary-ized signal are 
recording is carried out to the level read-out line 12 by high-level change-over of a driving pulse phiH2, and it is outputted one 
by one to an output terminal VO through the output-buffer amplifier 15. Finally, if driving pulse phiRSH cuts high-level and 
replaces, MOS transistor QRSH for reset switches will be turned on, and said level read-out line 12 will be reset again 

(initialization). 

[0139] in addition, said voltage signal which was carried out and in which carries out reading appearance and reading 
appearance is carried out to the level read-out line 12 by the effect of the parasitic capacitance of a line, although time 
amount is taken until a wave becomes blunt and it reaches a steady state Also in this operation gestalt, since the voltage 
signal which appears in the level read-out line 12 is already changed into the binary-ized signal, even if it does not reach a 
steady state, the distinction of any shall be shown between high level and a low level of the binary-ized signal concerned is 
attained, and improvement in the speed of the read-out actuation is attained. 

[0140] At the time of termination of a period t17 (until it continues till a period t20), driving pulse phiRG is reversed by the low 
level and MOS transistor OP for reset switches in a pixel 1 serves as ON. Read-out actuation of the pixel of the 1st line in the 
periods t10-t17 shown above is similarly performed in the continuing periods t20-t27 repeatedly to the pixel of the 2nd line. 
[0141] (3rd operation gestalt) The solid state camera 30 for binary-ized signal formation of the 3rd operation gestalt of this 
invention is explained with reference to drawing 6 and drawing 7 below. The solid state camera 30 for binary-ized signal 
formation concerning this 3rd operation gestalt The ** binary-ized circuit 37 -- does not mind an output-signal charge storage 
means (capacitors 001 and 002 of the 1st operation gestalt), It differs from the solid state camera 10 for binary-ized signal 
formation of the 1 st operation gestalt which connection, now the point which is described above on the level read-out line 12 
only through MOS transistors QH1 1 and QH21 for a switch (n channel mold). 

[0142] Therefore, in the solid state camera 30 for binary-ized signal formation, the same sign is attached about the same part 
as the solid state camera 10 for binary-ized signal formation of the 1st operation gestalt, and the explanation is omitted. 
Actuation of generation of the binary-ized signal by this solid state camera 30 for binary-ized signal formation is explained 
using the timing chart of drawing 7 . 

[0143] In addition, the actuation in this solid state camera 30 for binary-ized signal formation differs from the solid state 
camera 10 for binary-ized signal formation of the 1st operation gestalt which only the actuation in a period t17 and a period 
t27 described above. Therefore, actuation of periods t10-t16 (period t20-26) is the same as that of the case of an operation 
gestalt to the 1st, and the detailed explanation is omitted. Moreover, in drawing 7 , periods t10-t17 show read-out actuation of 
the pixel 1 of the 1st line, and periods t20-t27 show read-out actuation of the pixel 1 of the 2nd line. 
[01 44] Hereafter, the actuation in the period t1 7 of drawing 7 is explained. Like the case of the 1 st operation gestalt, the 
electrical signal corresponding to (the time of termination of a period t16) and the incident light from a pixel 1 by the time it 
continued till the period t17 is compared with reference level VRF (reference voltage VREF) by work of the binary-ized circuit 
37, and the binary-ization has already been performed (output of the electrical-potential-difference comparator AO). 
[0145] And if it continues till a period t17, the driving pulse phiHI from the horizontal scanning circuit 13 will be started by 
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fixed period high level, and will be held after that at a low level, moreover, predetermined spacing after said driving pulse 
phim was held about the driving pulse phiH2 at a low level - it is, fixed period high level rises, and it is held after that at a low 
level. 

[0146] At this time, for every train, reading appearance of the binary-ized signal from the binary-ized circuit 37 is carried out to 
the level read-out line 12, and it is outputted to an output terminal VO one by one through the output-buffer amplifier 15 after 
that. In addition, although time amount is taken until a wave becomes blunt as for the voltage signal by which reading 
appearance is carried out to the level read-out line 12 and it reaches a steady state under the effect of the parasitic 
capacitance of a read-out line Also with this operation gestalt, since the voltage signal which appears in the level read-out line 
12 is already changed into the binary-ized signal, even if it does not reach a steady state, the distinction of any shall be 
shown between high level and a low level of the binary-ized signal concerned is attained, and improvement in the speed of 
the read-out actuation is attained. 

[0147] Moreover, since it becomes unnecessary to discharge the charge on the level read-out line 12, further improvement in 
the speed of read-out is attained. 

(4th operation gestalt) The solid state camera 40 for binary-ized signal formation of the 4th operation gestalt is explained with 
reference to drawing 8 and drawing 9 below. 

[0148] This solid state camera 40 for binary-ized signal formation differs from the solid state camera 20 for binary-ized signal 
formation of the 2nd operation gestalt which connection, now the point which is described above on the level read-out line 12 
only through MOS transistors QH1 1 and QH21 for a switch (n channel mold), without binary-ized circuit 47 -- minding an 
output-signal charge storage means (capacitors C01 and C02 of the 2nd operation gestalt). 

[0149] Therefore, in the solid state camera 40 for binary-ized signal formation, the same sign is attached about the same part 
as the solid state camera 20 for binary-ized signal formation of the 2nd operation gestalt, and the explanation is omitted. 
Actuation of generation of the binary-ized signal by this solid state camera 40 for binary-ized signal formation is explained 
using the timing chart of drawing 9 . In addition, the actuation in this solid state camera 40 for binary-ized signal formation 
differs from the 2nd operation gestalt which only the actuation in a period t17 and a period t27 described above. Therefore, 
actuation of periods t1 0-t1 6 (period t20-26) is the same as that of the case of an operation gestalt to the 1st, and the detailed 
explanation is omitted. Moreover, in drawing 9 , periods t10-t17 show read-out actuation of the pixel 1 of the 1st line, and 
periods t20-t27 show read-out actuation of the pixel 1 of the 2nd line. 

[0150] Hereafter, only explanation of the actuation in the period t17of drawing 9 is given. Like the case of the 2nd operation 
gestalt, the electrical signal corresponding to (the time of termination of a period t16) and the incident light from a pixel 1 by 
the time it continued till the period t17 is compared with reference level VRF (reference voltage VREF) by work of the binary- 
ized circuit 47, and the binary-ization has already been performed (output of the electrical-potential-difference comparator AC). 
[0151] And by the time it continues till a period t17, driving pulse phiS is (it is reversed high-level in a period 16, and the 
condition is held, MOS transistor QSB for a switch (n channel mold) serves as ON, and the ON state is held in the period t17 
concerned.). 

[0152] and predetermined spacing after the driving pulse phiHI from the horizontal scanning circuit 13 was started by fixed 
period high level, being held after that at a low level and holding said driving pulse phiH1 for the driving pulse phiH2 
succeedingly between periods t17 at a low level - it is, fixed period high level rises, and it is held after that at a low level. At 
this time, for every train, reading appearance of the binary-ized signal from the binary-ized circuit 47 is carried out to the level 
read-out line 12, and it is outputted to an output terminal VO one by one through the output-buffer amplifier 15 after that. 
[0153] In addition, although time amount is taken until a wave becomes blunt as for the electrical signal (voltage signal) by 
which reading appearance is carried out to the level read-out line 1 2 and it reaches a steady state under the effect of the 
parasitic capacitance of a read-out line Also with this operation gestalt, since the electrical signal (voltage signal) which 
appears in the level read-out line 12 is already changed into the binary-ized signal, even if it does not reach a steady state, 
the distinction of any shall be shown between high level and a low level of the binary-ized signal concerned is attained, and 
improvement in the speed of the read-out actuation is attained. 

[0154] Moreover, since it becomes unnecessary to discharge the charge on the level read-out line 12, further improvement in 
the speed of read-out is attained, in addition, above-mentioned the 1- although the pixel 1 which controls the regulatory region 
(gate) of the transistor OA for magnification by capacity which was parasitic on the gate was mentioned as the example and 
the 4th operation gestalt explained it, a voltage signal is supplied to the regulatory region of the transistor OA for 
magnification by capacity coupling, and, of course, this invention can be similarly applied to the pixel which acquired the 
electrical signal according to incident light 

[0155] moreover, above-mentioned the 1- although the case where a junction field effect transistor (JFET) was used as a 
transistor OA for magnification of a pixel was mentioned as the example and the 4th operation gestalt explained it, it may 
replace with this JFET and an MOS transistor, a bipolar transistor, etc. may be used. In this case, what is necessary is just to 
control output voltage and currents, such as a drain or a collector, the source, or an emitter, by the electrical potential 
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difference supplied to electrodes (regulatory region), such as the gate of an MOS transistor, and the base of a bipolar 
transistor. Moreover, these may be used together and a pixel may be constituted. 

[0156] furthermore, above-mentioned the 1- although the 4th operation gestalt explained the case where the pixel 1 was 
arranged on the two-dimensional matrix, even when arranged on one dimension, the same operation effectiveness can be 
acquired. 
[0157] 

[Effect of the Invention] As explained in full detail above, according to the solid state camera for binary-ized signal formation 
according to claim 10, from claim 1 Since a binary-ized means is established for every train, the electrical signal outputted 
from each pixel according to incident light is compared with a predetermined reference signal, a binary-ized signal is acquired 
and it is transmitted to a level read-out line after that Since this signal is already made binary even if the noise resulting from 
the parasitic capacitance of the level read-out line concerned rides on the signal on this level read-out line, effect of the noise 
in signal processing can be made small. Moreover, since it can distinguish promptly any of high level/low level binary-ized 
signals are, improvement in the speed of signal processing is attained. 

[0158] Moreover, since binary-ized processing is performed within the equipment from claim 1 with the solid state camera for 
binary-ized signal formation according to claim 10, it is lost that a dynamic range is restricted in a circumference circuit, and it 
is effective in the ability of the dynamic range of a solid state camera to use for binary-ized processing as it is. Moreover, 
since the binary-ized means is formed in the exterior of a pixel from claim 1 according to the solid state camera for binary-ized 
signal formation according to claim 10, a binary-ized signal can be outputted without enlarging structure of a pixel, and the 
numerical aperture or resolution which are a pixel are not reduced. 

[0159] Furthermore, since the path from which the electrical signal according to incident light is acquired from the 
photodetection section, and the path from which a reference signal is acquired are the same according to the solid state 
camera for binary-ized signal formation according to claim 10 from claim 3, the effect of dispersion (dispersion on 
manufacture of a capacitor, the MOS transistor for a switch, etc.) for every train of the circumference circuit element which 
follows it not to mention a picture element part can be lost, and a S/N ratio can be made high. Moreover, since clearance of 
the fixed pattern noise resulting from the dark current currently performed conventionally is performed according to the 
generate time of the above-mentioned reference signal, the differential amplifier which was required for clearance of the fixed 
pattern noise concerned becomes unnecessary conventionally. 
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[Brief Description of the Drawings] 

[Drawing 11 It is the ** type circuit diagram showing the outline configuration of the solid state camera 10 for binary-ized signal 
formation of the 1st operation gestalt of this invention. 

[Drawing 21 It is a timing chart explaining actuation of the solid state camera 10 for binary-ized signal formation. 
[Drawing 31 It is drawing showing the device structure of the pixel 1 of the solid state camera 10 for binary-ized signal 
formation. 

[Drawing 41 It is the ** type circuit diagram showing the outline configuration of the solid state camera 20 for binary-ized signal 
formation of the 2nd operation gestalt. 

[Drawing 51 It is a timing chart explaining actuation of the solid state camera 20 for binary-ized signal formation. 

[Drawing 61 It is the ** type circuit diagram showing the outline configuration of the solid state camera 30 for binary-ized signal 

formation of the 3rd operation gestalt. 

[Drawing 7] It is a timing chart explaining actuation of the solid state camera 30 for binary-ized signal formation. 

[Drawing 81 It is the ** type circuit diagram showing the outline configuration of the solid state camera 40 for binary-ized signal 

formation of the 4th operation gestalt. 

[Drawing 91 It is a timing chart explaining actuation of the solid state camera 40 for binary-ized signal formation. 

[Drawing 101 It is the ** type circuit diagram showing the outline configuration of the conventional solid state camera 100 for 

binary-ized signal formation. 

[Drawing 111 It is a timing chart explaining actuation of the conventional solid state camera 100 for binary-ized signal 
formation. 

[Drawing 121 It is the block diagram of the conventional image processing system 120 which formed the binary-ized means in 
the exterior of a solid state camera. 
[Description of Notations] 
1 Pixel 

2a, 2b Vertical read-out line 
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6 Vertical-Scanning Circuit (Vertical-Scanning Means) 
7, 27, 37, 47 Binary-ized circuit (binary-ized means) 

12 Level Read-out Line 

13 Horizontal Scanning Circuit (Horizontal Scanning Means) 
15 Output-Buffer Amplifier 

17a, 17b Constant current source (current source) 

PD Photodiode (the photodetection section, optoelectric transducer) 

QA Transistor for magnification (magnification means) 

QT MOS transistor for a transfer (the 1st switching means) 

QP MOS transistor for reset (the 2nd switching means) 

OS, OR MOS transistor for a switch (transfer means for switching) 

OS Capacitor for output-signal are recording (the 1st storage means; charge storage means) 

CR Capacitor for reference signal are recording (the 2nd storage means; charge storage means) 

AC Electrical-potential-difference comparator (comparison means) 

QRSV1 , QRSV2 MOS transistor for reset switches 

QRSH MOS transistor for reset switches 

QB MOS transistor for bias (bias means; transistor for constant current) 
ORB MOS transistor for a switch (bias storage means; sample hold means) 
QSB MOS transistor for a switch (means for switching) 

CRB Capacitor for bias are recording (bias storage means; bias charge storage means) 
OX MOS transistor for current detection (current detection means) 
QY MOS transistor for a binary-ized output 
CS Current source for loads 

AX Inverter 

001 , 002 MOS transistor for a switch (1st switching means) 

QH1 , QH2 MOS transistor for a level read-out switch (2nd switching means) 
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m^tkmS W10^(1998)9^2B 



(5i)int.ci.° mmn f i 

H0 4N 5/335 ,• H0 4N 5/335 E 

HO 1 L 29/762 H 0 1 L 29/76 3 0 1 J 
21/339 



(21}ffil^^ 




(71)HiSA 


000004112 










(22)mi^B 


¥^9^(1997) 2 ^ 20 B 




MMm=fi^mmi<Dp^ 3 TS 2 S 3 # 






(72)^M# 










«j^=pftBaEyL®rt3Te2#3^ n 














(74)f^aA 





(54) i^mom] 2mitmi»mmm»mm 



(57) i^m 

[<i}*# IS] 2 mitm^mmm mwmimm i o t*. 
ii« 1 •••<!:. mm 1 •••cD^ijsictstten/cSiiSE^'ai l 

i!Sl2a, 12b<!:. Tf^'J 7 ^^^^iciHS* nfcii^ 

1 ■■■(ommayn^mmLTAMmzjtctcmm.m^^m 
m(D^-<s. yyT-mum^i-tii 1 2 a , 12b izmm 
r^mmmm^^^ st. Msm^^ttsLHi 2 a, 1 2 

12a. 12b ^imiJkVmM LTfi#^*¥SS*tH L 
«|1 3l!:e2|-r5*¥^eiHliKl 5i:^fii^5o 2fil^b 




mmfi^^iBitr^M 1 (omm^mt. 

MiBli«cD^g|5*^6©BiJIBmMa)tt^Slcj£; CfcS^fi^ 
^I31iT§m2©!B1i#lfi:i:x 

2 (DiBti#siciait* tifcBuiBS^ffl^ t =&ibi? lt 2 
MiBS2©!Bii#Ktt. mmmti^^iiiti-i^ti^mEm 
isit e nri^ § d t ^itmi: r sit ?R^4 tciB®© 2 fii 



JIIJg^^liiT^fig^nfcBUfBfg^^m^Sitx BiJfBiSiflfl)^g|5 

So 

ic. MiBSSijE^^aiLSiicDmiu^/K^T.-r^A't'zx 

W 7 U 7 Xl^Jg^Hltr U 7 BIS 

HuffiTtS^^^^lCT^fiE^n/cHulBfl^tt^^lcfSUfc 

m^&%'^mmT\zz^J^1Eiarcmm^mM\z^ ufc 

MIBfflEffl-^ t ^ BulB®>5i{;l^©ffi)5fE i: a)McOffi>5il^Buf B 

* tiTt^ 5 d i ^!ttm <!: t ^ W3?ia 2 \zimay 2 mim 
^miEntcmM.ykmv^y'yT.'^ziimiEn. 

WiMWrim V^yJT.^ ayUMMM t . iSS«>3Sffl h 

i^nmwi^'i'tomizm^f'on. mimmy^m v^y 
soiB^^sifffl h ^ vv-x^cDBufBiijfflimistcsji^ns 

BuIB^m>^lffl l-7>v'X^(D/K7X^'tN-;l/ KT^/^' 

sti -r §ii3<js 6 tciBigcD 2 mm^Y&m.mi/^mk^ 

IB 2 fg^bfl^^lBlf-r § tii±»fl^iB1S#IS*i>S^* tlT 

[fsmn 1 0 ] mi.%nmm^\t. mm.^^ t v 

9 (Dfpin*HC!BtE(7) 2fil^k«^JKfi£fflll«1i^ilMo 
[000 1] 

[0002] 



[0 0 0 3] ;i(DmiZ7fst'i>t^(D2imtiB^Wi'i^mmw 
1 0 1 , 10 1 " ^^T h u yyxmz.mmi^ti m 

7rS\TM. 2 x2m) . C0iS^1 0 1, 10 1 ■<D^ 
X^QA, QA ". sijlB7* h^'f;d— KPD<!:tii|iiffl 

MOS h^>i>X^QT, QT ". BulBigtiffl h^>v>" 

Q A ©y- h IcmE^ttil^ LXliy- h ic^iS^n 

QP, QP -A'i^ttbnTl^^o 
[0 0 0 4] ^LT. =&iilg1 0 1 , 10 1"«. §91] 
SlC±tii(DSiISE*'ai LIS 1 0 2 a . 10 2b icjg^* 

nr. ^iSSi*i 0 1, i 0 1 -ft^bCDAiif^tictsu/c 

aM^i^6'<Sili^5^ai 0 2 a , 10 2b ictii:^* 

*t^=&l^£-r§/c46fl)l31ilE]Kl 0 7. 1 0 7A\ 
Eii^^tli L«|1 0 2 a , 1 02 blC^ltetlTl^'So 
[0 0 0 5] IBIililiSi 0 7li. 0lCij^-r 

=l>x>^tCD, CSlCTi|i^#nx u>x>-y-cDic 

Witicfsufciii^i 0 1 6^e(D«m«^icffl^-r§sis 

fcm?5». 7j<TS!?^tll LH 1 12-1, 11 2-l\Z-%(n 
^i'r = >-5'"T'tiJ:^*n. ^7k¥SS*^l±!L$l1 12-1. 1 
1 2-2±lcEM*n/cM»l7'>^1 1 5tCT. XWi%\Z 

fSUfcsm^f^A^siigs-;?!!-^^®* 101, 1 0 1 -cd 

[0 0 0 6] ^LT. lg*il*-nfdl# (7':^P'?~ffl^) 
ik^S1 1 1 9 m^CDSipig V R E F iJtiJ* tl 

ai:^iS5^^V06^6 2<i^kfi^*!«aj:»:*ns«fe3tcS 

[0 0 0 7] 0 1 Hi. ±!32fS<bfi^JfMffllilftm^ 
iis 1 0 0 (m\%(r>-'myrst^ -i^y^^'^i-^-v t-^ 
isp^t 1 o~t 1 4ti. %^\'^m(r>wm^<rmh^^ 
Liftf^^. «HP^ 1 2 o~ t 2 4tt, ii2?7a®ismi © 

1, <pTG2liX'f'';/f^fflM0S h^Vv^X^QT, Q 
TWy-hlC. |gl(|/\°;l/X<pRD 1 . <pRD2liU-b'y 



/'Cyl/XcpRGli'J-b'y hfflMOS h^Vv'X^QP, Q 
Pa)y-hlc. lEB)y\°;l/X<pRSVtiU-t'> hfflMOS 
h^>v>X^QRSV1. QRSV2<Dy-hl::. lEi!) 

/\°;UX(pTD, (pTS^i§>^^7.'r>v^fflM0S h^Vv' 

X, iEB)/\°;UX(pH 1 , (pH2li. X'T-vf^ffiM 
OS h^yv'X^QH 1, QH2C7)^'-Mc«|g^n5 
IIEij!i/\°;l/X. !iEll!i/\°;U7.<pRSHli'J-b'y hX'T-y^ffl 
MOS h^Vv'T.'S'QRSH 1 , QRSH2©y'-hlC 

[0008] ttf^^i-f -y-^'fev Ell 1<D«HF^t 1 OIC 
SEft/\°;L/X(pRGft'5p-U-^;Hc^y U-b'v h 
fflMOS h^Vv-'X^J (p^-*'^-;U3S) QPti7|->t% 
5o ^LT. ig»)/\°;UX(pRD 1 *'fiJ!3^aiLU'<;U (V 
RD ; /N-f U'^;!/) t?5:oT^(7)ttEVRD*\ 'J-t'y 

hffl h^Vv'T.^QP^^LTmi ^7Sa)tg1iffl h5> 
->'X^QA(Oy-h («iJ«ai^^) IC^ttl&^tl, y-HA^ 
ilE^'tiJLU^yl/VRDloWT'X^nS o (IS. 

l|2?TS(Diiitiffl t-5>vX^QAfi. IEi!)y\°;UX(pR 
D2<)^P-Ua:;U (mEUA:;UVRS) (Dt^TS^fc 

46. '5^~-i-<)^mu'^;uvRS (p-u^;i/) osst 

[0 0 0 9] -*T% IEi!l/\°;l/7.<pRS VAVX'f U'^;!/ 
lC^-:?T'J-t-y 'y^fflMOS (n^ 
QRSV1, QRSV2A'^7^>i:^^J^ 

iji^ai LH 1 0 2 a , 1 0 2 aic5t§a?5*^sfai^n§ 

CJ-b'vK) „ Z.(r>t%. IE»IA°;UX<pTD. ^TSt 

/USJ) QD, QS*^;j-><!:^*J. zi>x>+tCD, CS 

[0 0 10] ISj. il0SBF^t 1 Otcfci^Tli. igS]/\°;U 
X<pTG1. <pTG2 3b^lC/\'rU^;Hcfi^5-nTl^ 

SfcA6ej^fflM0S h^Vi/X^ (p^-\'^>;l/^) QT 
#7:t h^''r:t- KPDTli. A*t7tlC 

fiSSt 1 UCSS<{:. IEi!iy\'/l/X(pRG*iV\'f U^/U,!: 

QPjb^^d-^t&^J. mi^Tg<7)tii|BfflH^>v>'X^QA 
coy-h (liJiPliii) li^p-x'fV'?;!*^!.*:^^*^ 
iSigipiffl ^ ^ > v'X^ Q AtD-S-^- ICg^T §S«tCcfe 
^T. i^y'- hcDSE/rlUfBSs^-tti LUa:;|/V R DIE/\" 

[00 11] X. !|gBiy\°;UX(pRD 1 «<ffiEU^;l/VR 
S (P-U^;U) tCM^n. igft/\°;UX<pR S V6<P- 
U^yUcSln^rnTSSijE^^ai Uilil 1 0 2 a , 10 2b 

P-U^/Ut^oTX'T'yf-ffiMOS h-^Vv-X^J (n 

Qsmytr^Vs ssnc^^ajtsii 02 

a, 1 O2blCli2a05=l>x>+>-CD. CSCD-p-gn 



[0 0 12] c©^^. zoymh^t 1 1 Tu. mmt i 

QA*i«y-X/1-xP7'»lf^^U i^*ajLb^;l/VRDlC 

^fc. ±iEilim>^5lCtSL:fcSE (VD) let*. Bi®3SE^ 
#iii^101, 1 0 1 •Oiiiliifflh^Vv'X^QAS© 

So 

[0 0 13] mf^t 1 2 (CSS,!:, |gli!)/\°;UX(p 
Ts lESiy \°/UX <p T S b^;Ui: ^ o TX^T -y ^ffl 

C D lCli±IB LfcBiMjJSlCfS L;fc«E6<35S* n/c* $ 

[0 0 141 ^LT. liSj/\°;U7.<pTG 1 Jb^P-U-^;!/ 

[C]5l£*nTmitTi(Dil«1(DgiifflM0S l~5>i>" 

MOS h^V-::>X^QTft^Br/7|-7t&oTMl ^T@© 
igififfl h ^ > 5/7. ^ Q A (D^- V \m'(S ya-^-fy^^ 

vtmtisi^t\ mmmh^y>'X'!fQA(D^-\^izm^ 
rsswccfcoT. mf-b(ommt. yt\~9-(^- 

[0 0 1 51 Lft^LT. mi?TS<Dtgiliifflh^>v'X^i 
QAOV-X'txP^iftmcJ^-pT, AW^icjSurc^m 
ffl^#MSt5^t±i Lllil 0 2 a , 10 2b IC[±S:^* n, 

M7t®*tcjSi;/clE (VSiSiBrs) <!:lii«3Stc/J; 

ctcmEyDtco^tn^ (vss=vs+vD) „ 

[0 0 16] mmt 1 ScDllTlitx Ip-BWF^t 1 
;Ulc^oTSili^3^aiLi|g1 0 2 a, 102b<!:=]>x 

y^cstoi^mmtc^. <io)'mvmwnii\^7.<pR 
sy^)yuly^McrJi^Twumm.m^^■iiiLm^ 02 

a. ^ Olbizm^tcWMmttHt^n^ CJ-tz-yh) „ 
^LT, «SF^t 1 ACOrSiC. 7)<¥^«l2]K1 3*^e.£D!IE 

SiI^*tBLl!i|1 0 2atJ©=l>x>-tCD. CRft^e 

m^*iiiLm^ 12-1, 11 i-iiz^^m^^m^n. 
7>7i 1 5T-^cDS5^<)^igiii*n. Hicjtsjsi 1 9 



(vss=vs+vD) /j^ePimsijic/scfcii^ 

(VD) ^ML?|l>fdi (AlifitlciiSUZ-cfS^VS) ^ 

[0 0 17] ^CD^S, iEi!iA°;UX<pH2 3b^-^»W 
U'^;HCji-5±lf 6+i/c<i:#ttSil^*ai LSS 1 0 2 b 

mmt 1 4lCfcntSIEij!l/N°;l/X<pRSH0 2|H]<7)/\<U 
'^yUWtTJJI^lCcfcoTs U-t-y hXY-y^fflMOS h5> 
v-'X ^ Q R S H 6^71- nS i . HufB7j<¥iI*fU LiSi 1 
12 a, 11 2b/)'«S>!^'J-t•y h (WMBfk) ^tiSo 
[0 0 18] l:l±izmLtcmmt 1 0~t 1 AiZtSif^ 

f^^'<^s<omm(Dm^i■iiiLWimt. i^<«sF^t2o~t 
2 4^c^>l^T. minmcommiztiL-z^mizm'JML 
T^^t)t^So 01 2ii, mm9-'$t(02imt^m(o^'£ 

[0 0 19] ji(7)iij^ji&agMi 2 o(i, mwm'^^m. 
^2^t. mmwm'm.m.^ 2 1 \zi:^Tm^tcmm 

^iC^Kil-SAD^iglalKI 2 2t. 1^ A D^JftlHllS 1 
2 26^60!)X'f v'^';Wi^^1S^?T5iii^P<^ U 1 2 3 

<!:, iSiS^^tui 2 3^c«^^^^■J■^,^;57tyc;^^^j|j 
<tx-^^2fiiib-rsiii#5as[siK 1 2 4 tTti^^n 

[0 0 2 0] <l<r>m^mmmm.^ 2 ot-i*. lift 

ffl^ggi 2 1 Tif en/c 7 :^p^fi^A\ iift»#g 
Ml 2 1 (r>^mzm^f'bt\.tckDmm^^ 2 2TxV 
v'-jiyMi^ic^j^^nm Si^^^ u 1 2 3ic-^w 

S^SaSlHlKl 2 4T\ m^<7)Stpfi<»:it 

[002 1] 

[5g0^)b^(l?>*Lcj;3<!:-rSiS^] L*^L^A^6. bjkE© 

IS) 1 0 \z^.LtcmM(r> 2 m\m^mmmmwwmmm. 1 

0 OTli. 0 1 icT^^ • im^nfcBl^fcfSU 

/cm^ft^ iTi-a^m^) sii^eiiiKi 0 6A- 

n/c*2i«^ (7:^P'?fi^) ^ibSJSil 1 5$T-e^ 
7':^P'?'(i^*M5t>SiSI^6^S< ^ 

^(0^. zniT±airmmzmtm*)^<i3i^ 

(S/Niba)fgT) o 

[0 0 2 2] mz. mm^(D3^rs^t. iiri\zm<mm 

MOS h5>v'~X'Szl|<7)^ig±<D«e)0$) iciBs-rs 
i«t^©^S<)'«±*<*So X. BuijE©01 2tOT^L/j:fie 
3K(Di9^avSIIS1 2 OT-U. Hft^SSI 2 1 
il!lt!ii^i^^7:^P^fi^tLTtfJ:^]Lfcm^ x-rv'^/U 

fi^ic^tSL. ^®^2^i^bsas^^ToTt^sfc46s n 



I 



[0 0 2 3] MiCv mm^m^m.^ 2o^cJ:oT^ibn 

1 2 1 (D^V :^ ~ -y ^ UVv'J; ^;^Kt^fci6. 2<aib5aS 
1 2 1 :^ 5 ^ bVv'" 

[0 0 2 4] ±ii2immm^. mxa. wiwmm^m 

[0 0 2 5] *fgB^li. ±lBFpm'Slc^*T^*n/ct 

/ N hb^;^? < r 5 ii tt)<Ti § 2 fgibfi^m^fflin* 

[0026] 

ji5,ct!:mnm^^mm(D^^s.y<fz\ lissssEs^aj 

ztiit!i^n^mmimt^itmLZ2imtm^^iiitit 
^2mit^mt. BiiBm^(Dmmm^^iiiLm^. iii;^c7j< 
^mm LT> BuiB 2 mim^^7mm3i-tii Lm^z^t 
^Ticw-mm^mt^mxtc'Loz&^c 
[0 0 2 7] X. a!5R3a2icfBiBcDfiiBi*s mtim^tii 

[0 0 2 8] X. fl3<JS3lClBKtD5g0^tt. MlB2m 

#is^. MiB3ta^}S!«?^ij:T^^irn/cBijiB<i^®?5 

lc/S;i;fc^mfi^=&IB1i1-5mi<Of31i#l5<»:, lylBil 

f%m2(0iBii^Ki. BuiB^ 1 ofBti^siciBif ? n 

/j:MiBSMfi#<!:B!lfBM2(DiB1i¥®tciB1i*n/i:B0fiB 



cfc ^ T*i^ L fc 1 0 T-^ S o 

[0 0 2 9] X. m^m^iztma^mm. mBm^(D 
ctcmm^mmt^mmmm^mtL. tuiBM2<DfBit 

[0 0 3 0] X. m>!^m5{ztm<Dmm. soiaia^.!: 
m^B2'D(om.mmm^^t<Dmiz. MiBisniA^eai:^* 

n^mBmnm^^ l < t*fjfBSPfi^^sji?«tc$E3ii 
t^rctbcD^mtm^m^mifrc^coz^^o it^? 
JS6iciBig0fgB^ii. MfBti^i#is^. m-^mmmnm 

imt^J;io^zLrc'i^coz&^. 
[00 3 1] x> mmmv izim(Dmmt. BufB2m 
ffisSigt. HuiBiii«<D^gi56^e«*&*nfcHuiB 
p|jm(Dmmz!zcrcm^smmm^mt2mmmoym^t 
mL<rji^^z>izmBmm.m^\iiLm<DmiiL^jUTx 

tmt^iUTxmm^WLt. mu'HM.'^^m^\zz^ 

^mi-\zz^i^i£Mcmmmmmz^\^tcm%mmt 
^zKt^r^tzisb(om^^V!Lt\zii^zmmLk'^(jyz% 

So 

[0 0 3 2] Xx il^RJl8^cfBiB©^W^i. m^iUT 
MIBSililcS^tH L,^<l:BufBm5fE-3i<!:a)F^lc± 

m.ykm^iy^^miEi(\tcmmMm k 5 > -^'x ^ zmm l. 

/u Kt7]g#isi:. mBm.m.^mh^yz/x^<Dmimm 
' nm^zi^m-t^n. mtEm'^mmh'py'JX'SiojUTx 

[0 0 3 3] X. ii^RiI9lCfBIE(Df|B^li. HufBib^^ 

mz. ^im^mts^'=>mtE2mitm^^Bmt^tiits 
m^s&w.^m^mmLtc'^(Dzso^o x. is^rjsi oiz 

[0034] (fFffl) 11^^ 1 iciBtB©fiB^ic 
mi&ommmsfta Lasimizm^titcimit^mizz. 
mm9- ^(02 mitmms^^^^n. m^m^ntc 2 m 

it. tii:f3i^^^zBt>^^ttrs^<oz\ ma^wms^ta 



I 



[0 0 3 5] X. II?RJS2 icIBiBcDfgB^lc J:nff, 2fi 

[0 0 3 6] X. mmmAiztBmo^mmtMi. mm. 

[0 0 3 7] X. mmm6izt&mo)mMic<i:nii. ai* 

^, X. mmmy [zmmoymMiz^mi. mm(Dm^/< 

[0 0 3 8] X. mms\zim(Dnm^z^n\f. 
m^tmM.mmi^^i,x2\mt\m^^m^m, 

[0 0 3 91 Xx a^f^Jil OtClBtBtDH^tCcfctllfx § 

[0 040] 
[|g0^©IIS6<DJT$®] 

[0041] nit*, mi (ommmmizi^k^ 2 mitm^ 

So i^. citomiwSlfilsmgiTHi. iKB^^iSmic-rsfc 

tttC. 40<DiilfS1, 1. 1, 1 *i«?h'J'>'>Xtl^ (2 

x2i!) zmm-^rircm^m[.^rmmt^o mm^ m 

t^zpt h^-r*- K (^:^tHgp ; msmm=F) p d 
immn mnmm ; y- h) \zmk■^ntcm^m. 



nSffifS (fflEU'^^UVRS, VRF, VRD) 
MOSh^Vv'X^ (p^-\'tWUS) QT (HKDX'T 

(p^1'^>;Hi) QP (Sl2©Xl'7f^#IS) ttc 

[0042] fi5. *^]!igmSlTli. 7 h F P 

'TTt— F^fflt^Tl^So X. Buf3'J-b>> hfflMOS 
>v>'X^QPtt. '>P7'575'r>4a. 4b/)^ejJgetl 
T<§S*fi^lCJS;i;/i:m («EU^;l/VRS. VR 

F, VRD) ^HuiB-f-h mmmm) \zmt^t^mi^ 

[0 0 4 3] X^ HfiiB7;j- KPD(D*V-K 

Dt-^x'^%[z^ctcm^'m1^^!>f21En^. x. huIb 
is^^nr. v-x/tvP7i!)mcj;t3T^(7)y'-h ($ij 

[0 0 4 4] X. §il^1 (Dii^lfflh7>v'~X^QA<7) 

2 a, 2 bit. §>!7ftjij$ig|*nTl^5o iiJIIffl 
MOS h^Vv'X^QTCDy-Hi^ SiI^$|H]K6lC 
m^i!Ein.tc<P □•y'^5'f>3a. 3b tl^ 
SiI^S[2]K66^eP-U^;UiOJ|giJj/\°yU7.(pTG 1 * 
fcli<pTG2*^4;^e.nSt. ^MlEiMfflMOS h7> 
v'X ^ Q T I3^%'i=i%[zm-kt >t^^o o Tl^Sc 
Sil^aiai^e. <7ay<7^-fy3a. 3 b. 4 
a. 4b-l?tcJ:oTSii^a#S*^*gfi8#nTl^5o 
[004 5] X^ U-tr-v hfflMOS h5>-:>'X^QP0) 
K U'T X*. ^^TSl^Sil^ffi 6 icgi!? n/c-^ □ 
•y-j7 7'r>4a, 4btc±t®jfl^*tL^ ^cDy-hli. 
^T5'ry5a^^^LTigi(IA•;^X5I^IHlK (H/T^^BS) 
flja)y-K5lcit!!§S*tiTt^5o X. V-ir-yl-mMOS 
h-^Vv'X^QPWy-Xl*. gJi^fflMOS h^>->'7. 

I- ffl M 0 s I- ^ > v'Xi? Q p ©y- h icBuiBiEi!]/ 

[0 0 4 6] X. HuiBLfcSEijE^aiL!l«2 a, 2b(D 
JitfJlcli. S5iJ§lC2<S^blHliK (2^@ib#IS) yft^lBS 
*tiTi^.5 (|g|ifl»ililT^-r) o C:(D2fiifklHlK7(7)aj 
t!m(0mmm^iiiLm2 a , 2btcli. X'T-yf^ffllVIO 
Sh^Vv'X^ (n^^ + ^^yl/iJ) Q01, Q02^^L 

T. 2imtimmmm^y9y■*tco^ . co2(o-i5 



[0 0 4 7] MIC. nmtimmmm^y T'y^t CO 

1. C0 2(OBiji5-:^a)4S?lclis 7i(.^m^*aiLX^ -y 
^fflMOS h^Vv-'X^i (n^-\'#.;US) QH1, QH 

2<ifb^i^efflffl=i>x>-9-c o 1 . c o 2©fte:^a)!JS 

[0048] acorns. BUlBT.'Ty^fflMOS 

X^QOI, Q02(Dy-hli. <7P'y^^'r>1 0 a 

e^'X^QOI, Q0 2©y-HJ:4jietifc<i:#tc, 7. 
-r-y^fflMOS h5>v>'X^Q01, Q O 2 ft'*?!- 

[0 0 4 9] X. HUlB^Jc^HE^^thLX-f 7 5^fflM0S h 
^ > v-'T.^ Q H 1 , Q H 2 ©^y- h l*x 7k¥S»?<i# 
7-01 1 a. 11 bl::S/7jiigg*tiT*jys BuiB7k¥ 

^;U(DIERl/\°;l/X(p H 1 , (p H 2 ^)>HijiE7j<¥iI3!^ti3 LX 

SJRft^^-rvi la, lib. 7j<¥^glslKl 3^1C 
[0 0 5 0] X. mi^7mm3^ti!>LWi^ 2lZlt. U-t-y 

SH<7)KUY>*^jigE*nTt^§= c:a)';-tr-y hx-r-y 

?nTt^5, ^LT> dcD'J-b-y hX-r-y^fflMOS h 
^>5>'7.^'QRSH«)y-hlCli. ■i7P<y-j7^<yi 4 
a 6^«i^*ns ^^□•y^^'r>14a [tmW 

<pRSH6>iS'J-b'y hX'T'y^fflMOS h^>v''X^'Q 
R S H ©y- h t::-^;^ sn/c <!: t tc. IS 'J -b -y h X'T -y 
f^fflMOS h^Vv-X^QRSHliTl-Vr^JcdlCJ&o 

[005 1] X. tuiBSEi5E^tBLSS2 a, 2bti. S 
5iJStc'J-b>y hX'T-y^^fflMOS h^yv'X^ {n^^ 
^ilM) QRSV1. QRS V2(DKU'r>i:x 
35;IS17a, 1 7 btlcSS^^tiTl^So C®i:*'>/-t 
•y hX'T y^fflMOS h5>>>X^QR S V 1 , QRS 
V20y-XliJf%*tl. =&^S)?iE;f 1 7 a. 1 7btc 

immmEvc in) a^mmtEnxi^^o 

[0 0 5 2] ^LT. tOIB'J-t'y FX'T-y^fflMOS h 
^vyX^QRSVI. QRS V2(D'!r-H*. ^Py 

'^^-CVI 6a^^LTigl!)A°;l/XflilslK (H^t 

US) fflij®y-Ki etcjtsigjn. mmiJii\^7.m±mm 



-f 'yf^fflMOS h^>v>'X^QRS V 1 , QRSV2(D 
S h-7>v*X^QRSV1. QRS V2*^?|->rS<J:-5 

[0 0 5 3] <i:C:5T\ HUlB L/C 2^01^7 (iI1(f 
mH^TTUr) It. §>^/-Knl, n 2T-2*CDi7c5^ai 
Lll2a-1, 2 a -2. 2b-1. 2b-1lc5^iK* 
tlfcSiil^^ai LSi 2 a , 2 b (CBBS? tlTl^S, IP 
■6s i^5faiLI|2a-1, 2 b-1 {eX'f'y^fflMOS 

\-^yi/X^ (n^^^^lim) OR (IEJ^t7J}^#S) t 

mmm^mmm^yT-'y-^cR imicDmm^m tt'' 
mm-^nri^^o m^f-iULmia-i. 2b-2ic 

[0 0 5 4] ^LTx ±iB5iilS*n/c2*OK5^ttSLS!l 
2a-1, 2a-2. SS?^aiLI|2b-1, 2b-U* 

*^LT. z(oms.itn^/Kct^i2imt^ntcm^ (2 

fi^Wl^) *'^tli:t)*n^o -15. X'T-y^^fflMOS 
>yx^QS, QRCDy-hli. -i7P7^^'r>8 a, 

9a^/^Lr^n^niEft/\';l/xflSla^ (^5^«bis) 

^^^JU ly^ll^COmW}/ \°;UX ^ T S , 9 T R t)^^- h 

[0 0 5 5] i^ClC. ±!B^fig©2fifkfi^mfigfflll«!:ji 
^UMi 0(7)g)mcoL^T. m2(D^^^y<7'=^^'-h 

^mmLzmmt^o t^. muztsi^z. mrst 1 o~ 
1 1 7 lis u 1 (Dm 1 ^T^0iij* 1 (Dms^m Lmi'^^^^ 

LTfc'Js SBP^t 2 0~t 2 7li. m2^^S<Diii^1<7) 

[0 0 5 6] muz^^r^^iz. mmt 1 oizm^m. 

mW)/i)\^X(pTG 1 , (pTG2l*A-<UKyHCfmTt 

IEIib/\°;l/7.(pRD 1 , <pRD2liP-U'<;l/ (ma 
U^/UVRS) lC«^?tlv ffiill/NVl/XipRGti/WU 

^^yHclSJ^^+i. |gSi/\°;l/X<pRSV, lEi!)/\°;U7.<pT 

R, (pTStiP-b^;HC«ft*n. |gS)/\°il/X(pTO 

lip-uAijuc^sif^nTt^^o ipix mW]jii\^X(pH 

1, (pH 2. IEilj/\°;l/X(pRSHli^TP-U^;HcfS 

[0 0 5 7] ^LZ. mmt^ oiz^^t. igi!iy\°;ux 
<p R GtiP- U^;KcJ5K*n. !llj!)/\°;UX(p R S Vli 
/\-<UA:/HcJ5g^n. iEBj/'v/U7.<pTR. <pTSAV\ 

[0 0 5 8] L*^LT. mmiil\/7.(pRGi3'^a-l'<l\^ 

QPliTl-Vt^^o X. mni)lX(pR5\/tyU 
ly^Mzts^t'J-b'y hX-f 'y^^fflMOS h^>i>'7.^ 



[0 0 5 9] !Z<Ot^. !IEii/\°/UX(pTOtiP-UA:;U 
QOl, Q0 2ti7|-7<!:%oTl^§o MlC. igSj/\°/UX 

>-:>■7.^QP^/^LT ^(DIE V R S A^^liififfl h ^ > 

[0 0 6 0] CCDt^tgiliifflh^Vv'X^QAWy-h 
(*iJlfBI^^) timEU^^yl/VRSlCAV^Xi-n^o ^1 

lCU-t-> hX-f-vf^fflMOS h^Vv'X^fQRS V 1 , 
QRSV2A\ »^C:t>t^^Tt^5rc4&^ ^T<Dil^ 

[006 1] ilcD.!:* (SBPelt 1 0) . X-r^^^fflMO 

sifflzi c s izm^r^m^mM'^m^^m i 7 

a, 1 7 bfiiJlcS^ajitnS ('JH2>>h) o tei, C©aBF^ 
t 1 0^^:^5l^T^*. igl)!)A°;l/X^TG l , <pTG2)!)''« 

[0 0 6 2] «sp^t 1 ^^zm^t. |g®j/\°;ux<p 
RDilia>ittEU^;UVRFlc*n, IE»i/\°;UX(pT 
SttP-U'>?;Hcse5-n5o ±!BP-U'^;Uro!IEi!i/\° 
;UX<pTStC<fe-3TX'('y9^fflM0S h5>v*X^ (n 

X'S'QP^nLT. B5lBS*«EU'^;l/VRFti^^HT 

g0§a^ 1 ©iiififfl h ^ ^ Q A ©y- f> (su^i 

[0 0 6 3] ^<DJ:-5lcS2|iBEUK;UVRF*(Mft*&i*- 

nfc^ 1 ^Ta©igl(sffl h ^ > v'x^ q a ^ttyt^t^^ 

VSR=VRF-VT 

ccT'. vTii§ii<@fflh5>5>x^iQA® Ku-rvm 

[0 0 6 8] i^cic. i^F^t 1 3lcs;5<i:. iEl!i/\°;UX<p 
R G P - U a;; ncs$5* tl. lEB)/ \°; U X <p T R A'^ P - 
U^;l/lcSlE?n§o IEil!l/\°;UX<pT R;!)~^P-Ua:;1/<!: 

QR*i^:!i-7t*ti. mmm^mmm^yT'y't 

CRli. «SP^t 1 2T?Em*tifcMiBiC (1) T-m-^n 

§«ffivsR^«^r5o 

rr> n«Ql T7 il7S(il\°ll,7 /A D <^'Mn — l,/\'ll.V*VX 



(7)Si8i|@fflh-7>5>'X^QAii, ffig)/\°;l/X<p R D 2*i« 
P-U'^^iU (SEU^/t/VRS) (D$$rS§/c(!6^ ^ 
-h (^iJffll^isE) jb~^^EU^;UVRS^)$^r^7 

mm) izum-^n^. 

[0 0 6 4] ;Wc. SBF^t 1 2[z^^t. mw<)ix<p 
RD 1 A^mEU'^yUVRS (P-U^;U) (c^tl. lEl!) 
/\°;UX<pRG6V\-i'Ua:;Hc, |gi!)A°;l/X(pR S V3b'<P 
-UA;;ncj5g:t-^^„ BulBigB)A°yl/X(p R G^jVN'T U 
^;U<!:^^c:<!:lcJ:-DT'J-by hfflMOS h-5>v>'X^! 

(p^ + ^s;!,^) QPA^7|-7<!:^-3T. mHTgCDti^i 
ffih^vyX^QAO-Jr-h mmmm) «7P— r-f 

> ^'ttn ^ ?) *\ mm<ism h 5 > v>'x ^ q a ® y- h 

EU^;UVRFlJ:/K7X*n/c$$. ^(DVimfi^Um 

[0 0 6 51 X, ^(DSBF^t 1 2tJ:33iNT(4. ±fB<DJ: 
■5lc|gl!iy\°yUX(pR S V*~<P-bA:;u,i:^;5C7)T\ U-tr 
•y hX'T'y^'fflMOS h^^v-X^ (n^^-VT-ZU^) Q 
RSV1, QRS V2;b^ttlC:d-7<!:^^o i^. IE»J/\°;U 

xTs^i^ p-u^;UG)*$T-^§6^ex'r'>^fflMo 

[0 0 6 6] jicD^^. mrst 1 2^c^Jl^T^±. isF^t 
1 ity) ^nrzm^ns(oinmm\^^ 

>v>'X^QA««V-X*P7'®)f'^«U i^titSffl 
v'X^JQAOy-XCDa^S (dCDffifS^VS RirT^) 

I B (^«-;5ltM1 7 a, 17 blC>?i5n§ll3S^g) 

I Bit. rTiztytrji^T^.^^T.-r-y^mM 

OS h-^Vv'X^QR^iTLT. a*<i^S«ffl=l>7^ 
V+tC RliljJittl. ^a)iiSS£0®E<)'«VSR<!:SSJ:dtc 

[0 0 6 7] (ij. «SF^t 1 2Vlt. V-X/txPZiftmc 

t*. iii|iifflh^>5>X'?QA<Dy-X©SeVSR 

fix i^ii: (1) ic/T^^ti^^iicfeSo 
- (1) 

!IEl!l/\°;l/X<pRD 1 *i^aEU'^;UVRD (=M3^aiLU 

^iKVRF) tts^o zcot^. miziztytrji-^T 

^QP^ftLT. HOlBffiEVRDjb^^ltTaW^Jifliffl 
[0 0 7 0] 55Ctc, 8SF^t 1 SlCMSix !IEi!)/\°/UX<p 



X <p R G jbv N'T ly^Mzmmtn^ c t ic d: y . tm u 
-t y hfflMos h5>y7>^QP^l^7^:7,»:^oT. mi 

[007 1] X. |gii!lA°;l/X<pTG 1 6<P-Ua;;KcJ5 

[0 0 7 2] ±IB0J:dlCigilfflh5>v'~7.^Q 
A (0^- h (SiJii^JsE) IC 7 h ^< K P D 6^6 A 

wyctcfs i;fcfi#a?5!!j««tiis&? tis t > tgiUffl h ^ > y 

VS S = VRD + VS-VT 
ilClT-. VTli=&igiHfflh^>>>'X'SzQA(7)Kb'r>m 
I B(7)<!:*<7)y'-h • y-XF^SE^ VSl* (AM 

[0 0 7 7] ttc. mthJ<l\^X(pT St}y\-<ly^)VZ'ii> 

6 7-^s#tifcB0i5it (2) T-a*nsmvss^% 
cKDafivssii. «sp^t 1 6<Dmjm ms 
1 1 7(Dmi^m) izmmmj<)\^X(pT st)^a-\y^)v 

ICSKi-tirX'T 'V f^fflM O S h 5 >v*'X^ Q S A^7|-7 

[0 0 7 8] i!:<7)<}:3(C. S*ii^§fflffl3>x>+»-C 
ROMiaslCtiSEVSD (=VRF-VT) 
tl. ai:^fl^Sffifflzi>r>tt-CS®il4S*>®EVSS 

(=VRD + VS-VT) tr^^ztz. mEibRSA 
c*-6«x c:n6»*fi^S@fflzi>x>-^CRtaj:^ 

\/ C D 1 = W O 1= — \/ T = \/ D 



[0 0 7 3] ^LTv I^P^t 1 5<Dmm. ^-^WSt 

1 ewFfaiS^, <%jtti. iE|j!)/\°;ux<pTG 1 ibvwu^ 

T ^)'TO^7 t^Si^o Z. COfeJiffl M O S h ^ -Si Q 
T«D;j-7lC<l:oT^ ^ 1 ^tS^DH^ 1 CD7 I- ^'f/f- 

U mr<7SCOtg*ifflh^>>>~X^QA(D'5^'-h 

>v''x-jfQA(7)'5'"-f-ic§4-r^§Mic<feoTs m^- 

hcDSEt*. 7t h^''r7|--KPD6^6$53JS?n/-di^ 

[0 0 7 4] ^Xiz. mrSt 1 6lcMi.<!:. igi!i/\°;l/X<p 
TS. (pTOAVWU^/UCSe^nSc -f-LT^ lESl 

dCDX-f yf^fflMOS h5>v'X^QS(D7|->li:<fco 
T. ^HTSfl)*i*§fflh5>5>"^^QA(0y-Xa)m 

[0 0 7 5] -7^. iEI)!l/\°;U7.(pT06V\'f 
^c:i:lc<i;oTs X<-yf^fflMOS h^Vv'X'S'QO 
1. Q0 2!b>ftlC?rvt^5o tJI^T-. ilcDflaF^tl 
eTtx Igliffl h^>i>'7.^fQA<Dy-X/tvP7g)mc 

<t*. Miiipiffl h^Vv'X^QAfDy-XtDBfw (VS 
ST-^-T) it. J-XTcOiC (2) TvT^^n-SMi^^c 
[00 76] 

- (2) 

[0 0 7 9] X. Z(DmrSt 1 6T-li!|g|j!lA°;UX<pTO 

Q0 1, Q0 2^^LTv 2m\m^<r>mh\ im 
WM^mnm^y^y^Qoy . coiizmx^^^^o 

la. c:(0t#|gi!i/\°;U7.<pH 1, <p H 2 tittle P-U^ 

X-r-y^fflMOS h^Vv'X^ (nf^-v^;U3^) 
QH1, QH2littlC7t-7i:^oTl^§o 
[0 0 8 0] tCl^Tx SigSEU^iUVRFlCKLT 

tiv ssft^aiLmEVRDjcy^^^fiiTsnisf. -^-o^i 

mxM. iis^^iu L®Ev R D tm^ms.y r e f <h(D 

ffilClS^) . S*€EV R E F iBOIBLfdi^mEV S 
[0 0 8 11 C©<!:#0»t|imEU^/U^ V S R 1 t.T 

^t. VSR 1 (Dm. ^Jk'A (3) T-a^nSo 

4.\/ D C C — \/ T ... r 



UoZs ffiEV S S <haff V S R 1 t(Dm^ (.itm^ 

H) I*, (4) tC/T^-r^f^<!:^i.o 

VSS-VSR 1 

= (VRD + VS-VT) 
= V S-V R E F 

R E F t^imLTme>nrc2mitm^tr^^o 

[008 3] Lti^LT. AM7tli:fSL:fdl^BEVS6^ 
mmmE v r e f J: ttn«\ msib^gi ACayia 

ctcm^mzw stmm'ms. (vref) j;y'h*ttn 

If. mEJ±R8SAC(Dai^«. StftU^;U (P-U^ 

t^^o ^w-rn(*\ AI-tT^lcfSUfdi^SEVS 
liS2p«EVREF^XU->va;l/FU^/U<hLTs B 

Eitsfig A c T- 2 imtmmzmmi^n^ zttr^^o 

[0 0 8 4] (iSi. ±^ (1) ~ (4) tCfeltSy-h- 

ffll-5>v'X'S!QAcDKU-ry«>5ilAf^-S<^)ffi I Bi:^ 
5J;3(CLT. MEfi^ (fi^mE) .hSttlfi^ (gt? 

mE) ^0E«^aiLTifc$s-r§a5T\ nmtm^izmm 
[0 0 8 5] z(oj;:oizmmimmACf^etiiti-i[ntc 

nTl^^X-f-y^^fflMOS h^Vv'X^QO 1 , Q02 

^^LT. 2imtm^mmm=^>7'y•*tco^ . C02 
[0 0 8 61 ^LT. ±tEmmt 1 eosiTmcti. ie 

2mitm^mmm^y9'y■*tco^ . co2ii7P-x 
^y<fV(mtr^^o ^m^. imitmmt. 2imtm 
^mmm^y9yv-coi. co2ic§>«7isiti*-nSo 

[0 0 8 7] X. |giliy\°;l/X<pH2lcHLTl*. MIBIK 

33i^T-^«BF^/\-i' ^^;^^c^z:•6±^f6n^<D^tP-^ 
A;;nc^SJ#?n^c MlCx IEi!i/\°;UX<pRSHli:BILT 
li, BuiBlgi!iy\°;l/X<pH 1 ti^a-iy^Mzii-^Tti^^tc 
mTKiKp H 2 *^iE^ ±*^5M$ Toraic. -^Sflffly \ 

-r U'<;nj:iz:-B±if eti^0^p- ly^Mt^-^n. 

^O^x H5!BSgi!i/\';UX(p H 2 6^p- U^;U{C3i:-6T3!j« 

■stem. mu-mmw\-( u^;nj:iE-5±if en^om 



[0082] 



- (VRD + VREF-VT) 
... (4) 

[0 0 8 8] LA^LT. IEft/\°;UX(pH 1 (D/WU^/U 

(ommzj:-:>7:. 2mitimmmm^yzry*t co^^c 

s^-ffLT. Iii:;i^:ai:^^^voictii;b*n^o m<. m 

hX'Ty^fflMOS h^>v''X^QRSHA^;i->irtlS 

mE^t)hKw■m^i■tiiL^^^ 2izm9i-iiitnrcti^ii(om 

[0 0 8 9] ^LT. lg»lA°;UX<pH2CD/\'rU^/UtD 

w}^icj:^T> 2mfi^^«ffl=i>x>-y-c o 2ic« 
jt* +iT 2 'toytm^i' < 5 > ^T^j^^ 

X-f'^/^fflMOS h5>v'X^QR5H6^7|->-^nx S 

So 

[0 09 0] tel. BuiBL/ciI^fajL^'r>(D§3feSM<D 
1 2 lc31*i§1l^fi^ (mEfi#) t*-rT-tJ:2«i^b«^ 

[0 0 9 1 ] IBF^ t 1 7(Dj^7B#tJ:l* (WF^ t 2 OlCS 
5$T-lc) s ig|j!)A°;UX(pRGtiP-b'^;U{cJ5lE* 
tlx !iEi!)y\°;uX(pRS V. |gS)A°/ux<pTR. ,ig|j/\°;u 

/\°;ux<pRG«'p-u^;ut^§i:<tlcj:y. u-by h 

[0 0 9 2] X. |gi!)y\°;UX(pRS ViVs-fU^yU,!:^ 
^c:<!:lcJ;U. X-r-y^fflMOS h^Vv'X'JzQRS V 
1, QRS V2(ittlt7|-><t:SoTx SilijESf iij LiSil 2 
a, 2 b±©®ig<)^gM?tl5o Xx igl!lAVl/X<pT 
R. <pTS6>y\'rU^;U<!:«:5CtlC<fe»Js X'T'V^^ffl 
MOS h-5>yX^QR, QS*i^;j-7<t^oTx Stpfi 

^§«ffl=i >x >-ti- cRt. ]^f2m^mmm p >x c 



[0 0 9 3] J.X±lC/TNL/cS3r^t 1 0~t 1 7lCj>tt§ 

n 1 'asommcoma^aa Lmmt. m<mm 1 2 o~ t 

[0 0 9 4] :!kK. mi IC/T^TS^ 1 CD^ftW^IS^EtC 

•^t^Ti)3 (A) ~ (c) ^mi-^zmmiz.mmt^o m 

^v-X^JQAi:, mmnb^^^i-yt h^V^-KPDlc 

<!: ^ Buf Bjg^SJaWyA^ h ^ > Q A <7)y- h ©a 
?5^'J-try hf^U-by hfflMOS h^^v'X^QPlc 

[0 0 9 5] 03 (A) ~ (C) li. HI IC^^LfciS^ 
^<r>=rl%-(7sm&^T^stm^Vta*). ^(Tio'^m^ (A) 
(is iii^lcDx/WXtgjg<^J^/7^-r¥SI§lT-SV. 0 3 

(B) 1*03 (A) (DX 1 -X l|gli:)ti^fc»TffiElTfe 

►A 1113 (C) 1*1213 (A) ayy ^-y ^mz^^■otcm 

SET'SSo Sign*. il3 (A) ~ (C) [ZTT.tiio 

v'X^ (JFET) QAt. BUlBS«)Ji*'7* h^V^ 
(JFET) QAOy-h m 
V^y-JX^ (JFET) QkO^ff-V {^m%M) <r> 

m^^'j-by i^-r^'j-t-v i-fflMos h5>v>x^QP 

[0096] CKDd-^lEillfflMOS h^>>*X^tQT 
t*. 113 (C) iCTjkt^olt^ a46)i?^7* h^'-f^j— 
KPDCDp^Mis tgi|ifflh7>vX^ (JFET) Q 

[009 7] Xs 'J-t'> hfflMOS h^Vv'T.^QP 
It. ms (B) lJ:/T^-r<fc^tC. RG^y-hlC. RD 

(p^^) ^KKX iitiffl ^^>->"X^lQA®^^'- 
h ^«fi8-r § p V-X i: r S p •\' ^;USM 0 S 

h^'T^-KPDgW*. I«13 (A) ~ (C) {ZTjkt^ 
dlCs nMi^'J^ym (n+) aEA^6 piy->iJi]>S 
ffi (p-Sub) IcfilA^oT. npnpmomSlt-/^ 
-ya-mm(Dmibih9f-y 1 1- ^'TtI-- K ( n p n J; 
^TS46Ji*7 1 h ^~'f'7^- KA^tgfiE* p n p ic J: 



[0 0 9 8] iitoTs ^ntij^+^'j^^Mr^Ti-- 
/ \'- 7 □ -filjgtc J: o T u- = > X = i; 

t h^-TTh-KPOlCcfcoTpng^gPlC^U^^SJi 

*^a®iciiL^L^fci6. iiga-;jfE;!5<}i|]$ij^n. Xs imm 
m^B^^^ntmcyt h ^-tti-- fp Dizm^tme> 

[0 0 9 9] mmrnh'^y-Jx^ (jfet) qa 

g«*. 113 (A) ~ (C) lZ^.t<koiC. n+mv- 

7.mi^Rxsnm\'iy'<ymnt. pmf-\^mm (p 

y-h) . nM^-\'^;U^® (nf^i'^yU) d:y«m* 
nrt^So C©3-6p^y-h^^ (py-h) l*. n 

pS'J^'-h^iS (p<r-h) ) ^mmWlc#ii*-lJ:?><i: 

ttiz. z(opmf-\-mm (py-h) <tps->'ji] 

(p-Sub) t^n'tpxjl (n-We I I ) 

[0 100] z.(Di^m. ^mmmm^tLTCDyt \~'^' 

-r 7|-- K P D g#cO*tt4lt-^A5S*J5mE<7)iJ# (S*5 
/\V7XSIi^) *:^i|@lJ:fSjgEU =&illgl, 1. 1, 1 
(Dft?#)Sfl)|Rl±. !|#14©«6o$©ffi;JS «5iJ^f^. 

[0 1 0 1] ix±(7)j:3ic. z:(Dm^(Dmm1\m(02m 

- KP D*^6AI«f3ieiCf&L:fcnMfi^!b^li6n«^i» 

is*gpi*^5ii(Dii<»:. tnitm<mm.^^^m(D^m<D 

l*60# (zi>x>-9-^7.'r7 9^fflM0S h^Vv-'X^ 
[0 10 2] $/c. ^^^5l5^7^3nTl^rcBgm3itlcSH-r^ 

(ii2(7)iiM$Hi) m2(Dmmmm(D2mitm^ 

[0 10 3] ^(Df^2(omMM<D2imtimBmm 
immmm 2 0 1*. ±iB Lfc^ i ©ussfBHi® 2 M^td 
^jBfiKfflSflsatiSs 10^2 fiikiHiK 2 7 (r>mm<ndi- 

iS^mr^^o fifoT> 2m{i^JfMffliai*Jiii^M2 0 
3 "5 2 ^ijb<i^flMfflil^*}i^^« 1 0 1 

lCOl^T^*, |i]-^D^?^^^^tLT^(DSi0^^tliSrSo 
2fit^bfi#^€ffilSf419^S52 CCD 2^111% 2 7 
t*v E14lc5lSl!grtlC/T^-r<fc5lC, yKZXffiMOS h5 

yvx^ {p^^^^im) QB (/U^X^K) X 

-r-y^^fflMos H^vv'X^ (p?^-v^;us) qrb 



SB (tJJ«#®) /W7XS«ffl3>x>+>-CRB 

*n^<fc3lc^oTt^^„ iSj. c:©2<ii^blH]K2 7ii. 

#SiiilE3^ttJLI^2 2 a, 22bS h U 7 X^^lC 
iBM*nfc^li©iS«i, 1.1, KDttiKD^JS) 

[0 10 4] <fc»JR*t:WlCli. 2misI]K2 7^tifi)6-r 

Lmila. 2 2blc«i|^*ti, ■?-<Dy-Hi. /KZ 

5o fpi, CltD/KT'XgSfflUVxV+fCRBCDfte^tO 

[0 10 5] X. /WT'T.ffiMOS b^y-JX^QBO 
V-Xtmmi^tl^/- Kn 2 1 ICtt. X-f u/^fflMO 
S h^Vv'X^QRB^^LT. BylB/^''1'7'X§«fflZI 

ic. 21(7)/ - Kn 2 1 intt. ^m>?iE;ii (®>3i5;S) 1 7 
a. 1 7 b*m^?nTt^?)o X. tuiey - Fn 2 1 

XCOKUO, -i^-hSlf. 2M^bai^fflM0S 

[0 10 6] zLom-^. ffl-;sj<taifflMos h^>s>x^f 

QX©V-7.<!:. 2mai:^fflM0S h^>i>'7.^QY 

<Dv-x[zit. mi^Mmvc in) i^^^^mminzi^ 

53iEjgCS(ctimS®EVD (iE) *^Sig5*tl§c 
[0 10 7] HUlBLfcX'T-y^^fflMOS K^Vv'X 

LTIEB)/\°;U7.fg^lHlK (I21/T^*I»S) mo>y- Kn 2 3 

□ - \°;UX <p R l^m&T.^ ^ffl M O S K 

5<!:> SiSX-f y^^fflMOS K5V->"7.^JQRB6^7|-> 

[0 10 8] X> MIBX'T'y^fflMOS K^Vv'X^iQ 
SBa)y-Kli. •j7P'yJ7v'r>2 4a^^LTIEi!i/\° 
;UXfi^4lHliS dH'T^t^BS) fiiJ<D/-Kn 2 4tCj$^Xtn 
Tl^^o LA^LT. iEi!iy\°;UXf|^lHliS<)^6/WbA:;u 



i^X-f y^fflMOS K^>v''X^QSBA'i7|->-r^cl;^ 

[0 10 9] i^tc. ii(n)2\mmm\mmmwm^mm. 
2 o^cJ:i,2m^i^a)4J$^c•^l^T. msiC/T^-r^-r 
~y'p'^^-\'^mmLTmmr^o ustcs^r. 
asp^t 1 o~t 1 71*. m^vj^(^>mm^(Dm.^i■\^Lm 

f^^/T^LT33»A aBMt2 0~t2 7tt, m2^Tg©il 

[0 110] Hsic.T^-Tcfc^te. mmt 1 ofc^^M. 

|gi!)/\°;UX(pTG 1 , <pTG2. IE|j!iy\°;UX(pRG. gg 
i!)/ \°;l/X <p R »*/ x-f * Iggi/ \°/UX <p R 

D1, (pRD2liP-U^;l/ (mEU^;l/VRS) tc^S 

if^tlTt^^o ^(D{ti3(7)iggl/\°;UX(pS. mwii^ii 
X<pTO. IEB)/\°;UX(pH 1 , (pH2. igIjj/\°;UX(p R 

[0 111] ^LTs fiSSt 1 OtcSSt. IEBj/\°;UX 
^RGii^a-U'^/HcSKTtti, iS^i f*3©ij-b-> Kffl 

i>o Mln. |gi!)/\°;l/X(pRD 1 , (pRD2li. ftttSE 
U-^yl/VRS (P-Ua;;!.) tti-oTii'). ^ytt^.^ 
/cHulBU-tr'y Kffl K-7>-:>X^iQP^^>UT^©«EV 
R S K ^ >->'X^ Q AOy- K (»^^) 

[0 112] f^. c:c7)i:*igftA°;UX(pTG 1 , (pTG 

=&x:;i- K^~^7^-KPD■^^■^i. Ai*3ticisi;rc®if 

iii|6fflK^>v''X^zQA(7)y-h (SUiP^i^) liSEU 
'<;UVRSli:/^'r7'Xi*-n§i»\ ■€-0tti:^lc|CLTt*Ji 

(c. P-U^yl/<i:^oTt^^fc46. K^> 

[0 113] X. iEl!i/\°;l/X<pR;!)\ 
/H!:1ijt?nTl^§fc46x X'T-y^^fflMOS K^>>>'X 
(p^-\'tWU^) QRBttTl-Xt^oTl^^c X. IE 

gj/ \°;t/X (ps\t. ! I *!^* p- u^;nc«it* nrt^s 

fc46. X<7^fflM0S ^'^>v■'X^ (n^-\'^^;l/§y) 
QSBt7|-x<!:^oTt^^o X. il(D(!:*IEi!)A°;UX<p 

OS K^>v*X^Q0 1, Q0 2tt7|-7t%oTl^So 
[0 114] SflF^t 1 1 {c5S<!:. !Ki!iA°;l/X(p 
R D 1 6^»2gSEb^/UV R FlCl3rn> l|gi!l/N°;UX<p R 
6^p-u/s:;ncjgg^n§„ :eLT> ±IBIEi!)/\°;UX<p 
RD IWS^SEI^'^yUVRFl*, "TT'lCTl-VtS-pT 
t^^U-by KfflMOS K^>>>X^QP^/>LT, 
10litifflh5>i>~X'?QA(D'y--K ($0^^^) icftt 
i^tg<ifflK^>yx^QA0y-K («iJi|l^ 



[0 115] t^. ^25gCDSig*ifflh5>->'X^!QA 
its mSjJ<lV7.<pRD2t'^a-ly^ll (®eua:;uvr 

s) ®**Tfe5/j:«>. {^¥mw ic«Jt*n§c 

fflMOS >v^X^ Q B ©y- h <t Kb'TVi tfSlSiD 

[0 1 16] Z.<r)ii%. mHTS©iii|)ifflh7>v''7.'Jf 
QAcDKU'f'>m'^i:/^''f7XfflM0S h^Vv'X^Q 

a, 1 7btc53isn5m3iJ{il) . iglifll h^>i?7.^Q A 

ay-Tjm. /K7XfflMos h^yv^'x^QBoy 

7XfflM0S h^>v''X-$'QB<D'5''~- |-(^Be)b\ A^T 
7Xl«fflZl>x>-9-C R BP^lC{S}#^n5c 

[0 117] :Mc. «flSt 1 2lcM§i:. iE»)/\°;UX(p 
RD16^P-U^;U (ffiEL'^;UVRS) icMS-tu ig 

|j!)y\°/l/X(p R G. iEii/\°;UX<p RAVX'i' \yKMz^^lE 
n^c ±IBIIg)/ (p R G N'T ^§ C ,h ic 

cfcoTSi«1 l*l^)'Ji2'V HfflMOS h^>v>X^QPli 
7|-7t^QT. MHTg^liitifflh^yv^X^iQAO'^r 

^/UVRFtC/U77>*nfc*$cD«Sg^«J#-r^. 
[0 1 1 8] X> MSF^t 1 2r(i. ±IBcDJ;aic|g»)/\° 
JUX<pR*iV\'f'U'^;l/tfe5©T% X'T'V^^fflMOSh 
^Vv'X^ (p^V^^;U^) QRBti:t7'<!:^y. 
77.fflM0S h5>i>'X-5iQB(Dy-hti7P-X'r> 

RBICJ:^. /X'-fT'XfflMOS h^>i>X^iQ B©^- 

(/ K 77.ffl M O S h ^ V v'X Q B CD F b-f 

[0 119] mmt 1 aicM-st. iga/\°;u7.<pRG6^ 
Si/p-U'NC^ncjggi-nSo c:0iEib/\°^i/X<pRGtD 
j5lE^^:cJ;oT^ iSlgl rt^'J-by hfflMOS 
^QP*W7|-><»:^U. IIHTg<Dil^lcDtiitifflh 

EU'^/UVRS (|Ei!)/\°;UX<pRD 1 (75Ua;;u) 

[0 1 2 01 ;^c©SBP^t 1 4t::sst. ^mii. lEKiA" 
;U7.<pRD 1 ti^^EU^yUVRD (=il3^aiL u^;K 
VRF) trji^o c:©mEU^;UVRDli. -TTtCTl-v 
t^oTl^Siii^l F«DCOU-t>> hX'T'y^^fflMOS 

vv-x^Qp^^LTv ^i^T@^)#J§tifflh5yyx 

^5JQA(Dy-h fflij^^i^) lC«,|g?tl. ii1ifflh5> 
vX^QAOy-h ($IJ11^^) 0mE6^0ia^ttJLU^ 
;UVRDlC«}t*n5o 



i^p-u'^^iHiisfe^n. iggi/\°ji/X(pRD 1 <)^mEu 

<p R G3bV\-< U^;HcS|n*nSo BuiBigSl/\°yl/X<p R 
[0 12 2] mmJ<)[^7.(pJG^ ifa-\y^)l 

s \-^y-:/7.^ QT my tr^^Js m^nm(o^mm'^ 
(Dyt h^■<^-FPD^c^il^T^J$•la^tlfc^i# 
m^nK m Ht s (Dm<mm h 5 > e/x ^ q a (D-y- h 

(SEfi^) *SiISE3^aiLSi2 2a. 2 2bictiitst 

[0 12 3] ^LT. MSF^t 1 6lcS5t. IEgj/\°;l/X 
<pTG1v iEttA^^UX^Sv IKII!l/\°;UX<pTO*iV\'('U 
^MzWnitEn^o ±iBlg»/ (p T G 1 /)V \-f 

[0124] C<Di:*y-hO)^4§Wc<fcoTx 7* 
h K P D ft^efeJM? n/c«?5(7)5^f£tt. igiUffl 

K ^ > vX^ Q AcD-y- h CDmE*i>±# L/c$ $ (^35 
©VS) f-(Dmi6^«J#*nSo ±fB!IE»)/\°/UX(p 

5 >i>X ^ Q S B V (t^ y . ±lB!IEij!l/ \°ibX <p T O 

ys^x^Qoi, Qo iiftytts.^. 
[0 12 5] SflF^t 1 6lcS-5$71i:. huIB 

LrcJ;3lclgi|lffl H^yv'X^iQAtDy- hm*i«S* 
UA:;uvRFT'«^i:$ immx. 11), sSiiififfll-^ 

>v''X^'QA(DKU'r>a-3ifSOM-i'7XfflMOSh^ 
> i>'7> Q B (D K Ul' >m-;jfi3!)^ I B ttj^tili 17a, 

1 7 b\.zykn^WMm <t^s<fcdic. m^^mEAvs' 

-r 7Xffl M O S h ^ > V'X^ Q 8 ©y- h lC«}f I*-tlT 

[0 12 6] i¥oT, ilCDlSP^t 1 6lC*5l^T, MfBtt - 
iBffl h ^ > VX Q A coy- h ttfwJb'O h -S^-r ?|-- K 

QA®y-hffiffi<)WRFJ:yB<^«<5:, 
>v'X^»QAa)KK>«3iESlfAV7XfflM0S 
Vv'X'JJQBWKU-rvmJJiElix -I^WlC I B (^fl3S 
;^ 1 7 a , 17b Ky^n^WAm) ct U < ^ -S, 

[0 12 7] X. tgi|ifflh5>yx^QA0y-hCDS 
<a««VRF J: tl<g< ii*ifflh7yi>X^iQA© 
KUf >B3SSlfA"'r7XffllVI0S h^Vv^X^QB® 
KU'i'>S)^lli> -^Wlc I B {mWi&m^ 7 a, 1 7 



vma^yGSLt^t. jicDmvGsii:^ie (s) 

VGS=VRD+VS 
fee^^^n^liT^^o H5flc^ BiJfBLfc«BP^t 1 lie 

VGS-VGB 

= (VRD + VS) - ( 
=VS-VREF 

ffiic. Jtigffl h ^ > v*x^ Q A © K u-r vasiESi;/ ^^r 

l^<»:t (VS^)WREFd;tl;^^l^<!:5^) KbOffijlit 
(Om (I DTfeStJ-r) li. ±iBLfc^«3iE;S1 7a. 

[0 1 3 0] c:£D<!:*^m-5it?iil 7 a, 17bcDi!l*lC 
cfc^T^ I D. «)?it I B(DM5^<DS>JS ( I D 

- I B) t\ ZOV^s^Ttytr^oTl^^X-f-y^mM 
OS l-7>v'X^QSB3&^>LTs ®>?iEttaifflMOS h 

ihtsmMos h^y-JX'^QY tit. ttiyyi—s.'y- 
> v'X^ Q Y ic K b-f ymy^tmii^n^. 

[0 13 1] Z(Dt^. 2mitiiitjmM0Sb^y>''X 

5c SWIC. '(gVGSAMSVGBcfey/h^l^t* «iv 
S6MiiVREFcfcU/jN*l^<!:*) . m^itfi I BJ: 
^>I'J^^ <^5(DT\ Hf[fBffi>5iEtttllfflMOS h^Vv'X^ 

2fi<bm:ftfflM0S h^>i>'X^QYfl)y-hStt 

[0132J ^0)t^. KU'r>mffil*±#t (/WU 
^;U) , 'f>/^-^AXOai^ttS*feU'^il/ (P-U^ 

ih^So c:©J;-5tc. *IIJfem®(7)2fii^bffi^m^ 
fflll<*ffli!gS2 0T(i. iii^i*^e<7)mmfi^tt^ S 

PaEU^;UVRF (S^imEVREF) ^7>Uy->3 

;uKL/^;utLTs i^2miHiK2 7T-2mi*-n5c: 
10 1 3 3] la. igi|iifflhv>->x^QAa)KU'rvs 



[0 12 8] 

- (5) 

[0 12 9] ^€IC. I^S^PBEU^^UVRF^p/tS© 
fiVGB (=VRF = VRD + VRE F) lC3i$iJ6<)lClS 
^r^t. igilifflh^VvX-$'QA©KK>«-;?il3bM 
BT'feSSSlSf. ti*Sfflh5>v'X^QA©y-|>BE 
(DfiiVGSliv 'klS. (6) ICT^r^fc^So 



VRD + VR E F) 

... (6) 

V7.^Qk(r>^-\^^my!^iy^-'^(r>m. (I B) 
[0 1 34] ±fBf >/^-^AX6^6ai:^*nfc2m 

fiifWi^Sigffl u >x c o 1 , c o 2 ic^ffij n 

5o ^LT. «BF^t 1 7\Z^^t. iggl/N'yl'XcpS. |g 

/\°;UX<pT06~<p-b^;Ut^§c:tlcd;y. X'T-y^ 
fflMOS h^Vv'XiS'QO 1 , Q0 2littlC7|-:7i:^o 

T. imitm^mmm^^y 9y*f CO ^. co2tt7P 

=i>x>+tcoi, co2ic«Jt?n5o MiJix ±iBiE 

l!)A°;U7.<pSA>P-U^il/,!:^5JIi:lcd;t). BSIBX^r 

[0 13 5] i^ClC. MHF^t 1 7lCS5,i:, SlWllSSm 
ft|c7)ii^<hiwi*itc. Tk^^Siai^i 3*-e©iEi!iA°yUX 
<pH 1 tf<-^S3FB^/\'i'bA:;nciE-5±tf6n^a)^^p- 

UA:;Hc«J$?n§o X, iEB)/\°/l/X(pH2lcHLT 
\t. HUlBlgIj!i/\°;l/X(pH 1 jb^P-U'^iUc^Jt^tifc 

^cD^^p-^^;^^c«^#^n5o 

[0 13 6] Mtc. IIEl!)/\°;UX(pRSHlc||LTli. Su 
fBIEB)A°;UX(pH 1 i)^P-U^;HCi:-5T*^ofdtT|g 
i!l<pH2*i'«5i-5±!!j«5B5^T'a)F^lc. 

;nj:ife±ifen^©^p-u^;uic«j^*n. t(r> 
Bi}fBigfii/\°^ux(pH 2 3b^p-UA:;nc3i-eT*^o/c 
sU'-S«SF^/\'r u^;uii:iz:-6±if 6n^a)^p- 

[0 137] L/)^LT^ SSl/S°;l/X(pH lOA'TU^/U 
(Ommzii^oTs 2mfi^§SfflP>x>-9-C01 IC 
«lt?nTl^§ 2 fii^kfi^ti. 7j<¥§i^ai LIS1 1 2 less 
^^aj^tl. ai^/^'y7 7'7>yi 5^/>LT^ Ilii^CtU^ 



mMWj-ti-yy- mmt) ctit*^ ^^m3* 

[0 13 8] ^LT. iES)/\°/UX(pH2(D/\-rU^;UC0 
t7)Jg!lC cfc o 2 □ >x C O 2 icf* 

J#?tlTL^§2m<i^li. 7j<¥ijE3^ti3 Liii 1 2lCil|*' 

ai*n. di^/\'-y7 7'7>yi s^^LT. iis^^caj^ 

?voicai:ft?n§, g^tic. iEi!i/\°;ux<pRSH6VN 

> v>~x ^ Q R s H tf^Ti- numB^^m^tii lsi 

1 2 3b^'J-t'y h OT^b) i*-n§o 

[0 13 9] i^s MiBL/ci?B*tliL^-1'ya)§^§a(D 

*^^*\ *IIM^ll^C^5l^Tt. 7j<¥i^^tiiL|g1 2lC 
iini)SEif ^*f^-r TIC 2 iiHWl^lCSJi^nTl^^/i: 

[0 14 0] iBF^t 1 7a)i^jmim mrst loizm 

QPA^Tl-Vt^So iyL±{ZniLrcmmt 1 0~t 1 7lc 

o~t 2 7^c^it^T^ m2^^g(DiiJ^^c5^LTl^«^c^ 

[0141] (^3 aymmmm) 3 
mmmo 2 mitmm\mmwiWm^mm 3 0 ^^:ol^T^ 

116. I117^#BSXTi'J0^-r§o 30)m3CD^SSmBllC 

^5 2 {il^b^l^ftJ^ffllli*ffi<t^a 3 0 li, 2 fSfblHlK 

>x>-»tcoi, CO 2) mzx^-y^m 

M0S\-^yi/X9 (n5^-VT^;l/S) QH1 1, QH2 
1 ^)^^:n-LT7j<¥S!*'aiLII1 21cS^*tin§£ 
ii\ ±IB Ltcm 1 (D^SSHJHKD 2 ^i^b^l^^fiKfflSItt:}! 

[0 14 2] SfoT. 2m«#J^^ffl@fl!:}i«i^S3 

0 ^C^5L^T. m 1 CDIISSmglCD 2 fg^b^i^JfJ^fflUftli 
fli^lMI 0<?:|B|-(DHI5»^C•:3l^T^*(W|-^?^^^^tLT^ 

3 0 ic 2^i^bfg^^a)^fiE©il!If^^col^T, 0 7 cd^ 

[0 14 3] i:<02mfi#JfMfflllf*JHl!^M3 

oic^ottsKmi. mmt 1 7Rt/:aBP^t 2 7ic*jt:»-:5 



ffilllfljJiiigei OiS^^o ?i!e^Ts SSF^t 1 0~t 

16 («flp^t2o~2 6) ©amis fSMtmrnrnmo) 

7^CJJl^T> MSF^t 1 0~t 1 7ti. ^HTgtDli^l 
CDK^ttiLK^^^/T^LTfeU. «aF^ t 2 0~ t 2 7li. 

[0 14 4] iXT. EI70««F^t 1 7[Zt5if^Wjmc-0 

(OA^mzfz^istcmmM^it. imim^s 7 commit 

JcoTS^U^il/VRF (a>PmEVREF) tibg^* 

+1. e^^c^^)2m^l^^Tt)tlTl^s (SEJts^SAc© 

Hi:']) . 

[0 14 5] ^LT> mmt 1 7ics5i. 7k¥^«iHi 

K1 3A^6<7)igfi!)A°;UX(pH 1 6^-^«flF^y\-i'UA;;Kc 
H 2 tCK LTit. mtmWi/i)\^7.<p H 1 A^P- 

[0146] ::0t^2imm^3 7ti^ii(D2mitm^ 
A\ #5ysic)iii*. TkTii^^tti Li^ 1 2 icii3^aj* tlx 

tti^/^y7 7'7'>:n 5^^LT> liS^JctB:^)^ 
fjglCcfe^A 7j<^i^5^tt3 LUI 2li:|I^ai^n§m<i 

t^^t)\ ^^mmmmz-'h. TK^uiSfajtuii 2(ciin^ 
^KmmftTiz 2imtmmzmtSi-^nri^^tcisii). m 

^(DMs^aj Liifp(D^3iib*i^Eibn§o 
[0 1 4 7] X. *¥SS*aitJii 2±<Da?5^«f!±;-r 

fiKfflln*Jii^ga4o^col^T^ ms. iii9^#!iBLT 

[0 14 8] JI©2mfl^mmffl@i*Ji^^«4 0 

it. 2imm^A7-t3\ tatim^mmmm^m (^2 

(DII]5gmS8<Dn>x>-9-CO 1 , C02) ^fti^tiz. 
X-r-y^fflMOS h7>v''X^' (n?-\':?>;U^) QH 1 
1 . Q H 2 1 ©3^^^ LTTk^F^^f til LSil 1 2 IC^* 

Tt^-5)^^*\ ±iB Lrcm2(DmmBma)2mitis^m0i. 

[0 14 9] ^¥oT. 2fii<Mi^mfi)6fflll**Ji^^S4 

0 ^2 cDHfism^^) 2^i^bm^jfMffliit*:}i 
«iiS2 0 tm-m^izo^^'^Tim-n^^i^LT^ 

©ftt^^SBS-r 5o c ® 2 lafbfi^HJfiEfflHttji^i^M 
4O^cJ;5 2^il^bft^04fiE(^i)!If^^i:■^l^T. m9<o^ 



Rumm 1 2 7 icisif^mi'¥(03i.t)\ ±ib Ltzm 2 0% 
immtmn.^o u^z. asp^t 1 o~t 1 e mmt 
2o~2 6) <7)i)!imi. ^^\zmmwM(om^tmcz 

»SP^t 1 0~t 1 7li. MHTgtOii^KDijl^^aiLSi 
{'^^/T^LTay. ISP^t 2 0~t 2 7l±. mi'n^o^m 

to 1 5 01 WT. lil90«Bra 1 1 7 \zts\,i^m^<r>^ 

AI^TfelcfSC/cBMffl^li. 2<iibIilK4 7<7)ilitlc.t: 
oTStpU/>?jl/VRF (gPSEVREF) iJtR* 

Biic^a)2fii<kA^tTt3nTi^5 (SEJtSiSAco 

tiiti) o 

[0 15 1] ^LT. WF^t 1 7lzm^^T[zmWilV 
©^^^ft^^Sat^tlv Xl'-y^fflMOS h^Vv'T.^ (n 

mmrs 1 1 7 icfci^T^Jt* n^o 

[0 1 5 2] ^LT. 1 7tDPB^lc. 7j<¥^S0iS 

mi <p H 2 6\ msmwii \°;U7. <p h 1 - u'^^yu 

2fi^bl2liK4 7 6^6(D2fiib«^*\ =&5"JSlc|ii:^. 7k 

¥S!3^aiLii«i 2ici%?faii*-n. aj^A^y^z 

T'vyi 5^^>LT. )ii:^tti:^4ffiTVOtcai:^i*n^o 
[0 15 3] r^i. i5!^ti5t^Y>cDS^§M<7)^»lcJ; 
tis 7j<¥ij!3^tli LS® 1 2lci5!?^aii*'n^®Mm^ (SE 

fi^) ii> m^m^-oz. mmi[^mizmr^^znrs 
n^sMfi^ (fflEfi^) tf-rTic2^iiik#^ic^^^* 

[0 15 4] X. 7j<2FiI3^tt3 L«g 1 2±0S?f^8ftlS-r 

n^o jsj. ±BLtcm^--mA(Dmmmmz^i.. y-h 
li^ (y-h) ^^mr^mm^^m^z^^fzmmLtc 

[0 1 5 5] X. ±13111 --mA(omm^mz'it. mm 
(ommm h 7 yi/x^ q a t LTg^i^mw^i!)^ h 5 > 
'jx^ (JFET) ^mi^tcm-^^mizsoifzmmLtc 



MOS \'3yi/X'^(D¥- h-^x /W/K— 7 h-^Vv^'T. 

^ay^-xrjiE<omm mmmw izmt^tn^m.E.z 

[0 15 6] miz. ±sBm^^mA(ommmmzlt. m 
B^Lfc<)\ 1 '^t^7t±.\,zmmtn^m'^z'^mk(r>^mm 

[0 15 7] 

3S1 0iJ:fBig©2M^bfi^mfi!6fflEli*Ji«ilMlCcfcn 

li; 2fi^b#istf<5'JStc^ttbnT. xMiticfSur^ 

^Tt. m.mmftz\z2\mtiEriz\,^^tcti>. \m^^ 
mzm^w^cD§m^'\^i£ <t^^tii-zi^o Xs 

So 

[0 15 8] X. ii3<3S1*^6if3<]ai 0tz:|BttCD2fa 

im^mi^mmwm'^mm.zu. ^(Dmm.\^z 2 \mm 
n5c:,t:tt^<^y. 2<ii<b5asn:, mwmmmm.o9 

5o X. lISRiilA^bff^iil 0lc!Bii<D2fi^bffl^n$ 

< 2<i^bfi#^aJ:^-rsc:t*i«T*x iil^®glP$-^« 
[0 15 9] MIC. If3?li3 6^6if3<li1 OlCiBt!6(D2 

m\t\mmmmmwm^mm.\.z^n\t. Tt^ttiigPi^eA 
t. 'cn\zm<mmM^mmmm(r)\,fib'Di^ (=i>x 

0^#^fe< LTS/NJt^ii<-r§c:<!:<)^T-* 

§c $fc> '^mit>i[vz\.^tc^wM\zismt^mmi^^ 
-y^mmm. ±.%2.mwm^<n^m\z^t>^zvi 

[llStD^^^i^iP^] 

[n 1 ] :^mmm 1 oussb^o 2fi^b^i#m^ffi@ 

[0212 iS^bli^ffMffidftji^i^S 1 0 oiwm^m. 



9 1 U7smM.-^m.tmT'^^o 
[gi4] %2(^)%m'm.(r>2\%^m^Y&m^mmlm. 

[HI 5 ] 2 mwjmY&mimwm^m. 2 0 mrn^ist 
B^r 5 ^ 'T 5 > + - h T-fe^o 
[06] %z(r>mm%(r>2m.\mm-immmm. 

m 7 ] 2'mmmimimwmmm. 3 0 ©sif^^ift 

[08] %'^(r>%mwM<^2{mmm^immwmm. 

[09] 2{ilibfi^B^ffi@{*:]i^llM4 0(7)ibf^^l» 
[010] ^i!^5l^cD2^ii^k^i^H^)5£fflliltt:^iil^lM1 0 0 

a)m*ifi)6^s^r*iii:[H]K0T-s^o 
[011] '<!L%(r>2m.\mm->mmimi$^^m.^oQ 

[@1 2] ilf^j§^gS(D^g|!(C2m¥@«i&(ty-c^ 

1 iS^ 

2a, 2b mmm3^\iiLt^ 

7, 2 7, 3 7, 4 7 2m(H]K (2m#S) 
1 2 7j(Ti5c3^ttJ L$l 

1 3 7j<¥^a(H]IK (7j<¥^«?®) 

1 5 mtsn'^yTT>y 

17a, 17b ^SjJSJJS (S-;5il;li) 

P D 7 1 h ^^'-f^- K (T^^tiigP. 7tm^Jl!«?) 



[02] 





mm 


m 








m 




m 








VRF^ 

\ 


h 




u 

ri" 










































u 
... 








^RD2 ; 












T" 


n 






n 




-v» 




^RG " 
^RSV J 

J 

*TS 
0TO 


r 

r 


h 
























L J L J J 








1 

r 


r 




... 


























r 


; 


r 


: 


r1 i 








n 


1 — h 


L-U 








n 






-4— 




















<^B1 












n ; 


I 








n 




^112 














n ; 












n 




^RSB 














nn : 


i 















QT fei^fflMOS h5>v'X'? (mi OX-r-y^^ 

m 

QP 'J-t v hfflMOS h^Vv^'X^i (m2(DX-f -yf^ 
QS, QR X'T'V^^^MOS h^>->'X^ 

c s tatim^mmm ny^fyv- (m 1 oiBii^s ; m 

AC mEJt^tl (J±®#lfi) 

QRSV1, QRSV2 U-t-v hX-C'V^fflMOS h 

QRSH U-t7 hX-f-yf^fflMOS h5>v>"X^ 
QB /WZ7.fflM0S h^VyX^J (/K77.#K ; 

QRB X-C'V^fflMOS h^>v*X^ (/^-fT'XlBIt 

QSB x-('y9mMos\'3y~Jx^ (tm^m) 

is; /KT'xai^giS^is) 

Q X ^3iE*ii aiffl M 0 s h 5 ^ (^-/S^^ai^e) 

QY 2mai^fflM0S h^Vv'X^ 

C S ft?5«S)3fEii 
AX 'fV/^'-^ 

Q0 1, Q02 X'Ty^fflMOS h^Vv'X^ 1 

QH1, QH2 Tk^PK^fajLX'T'y^fflMOS h5V 
v'X^ m2C0X-(y9y<7^m) 



[05] 



.tJD,tli,tJ2,iJ3,tX4,tJ5.U.& . tl7 .,t2at2J,t22,t23,t24,t25,tJJ&. t27 
































VRF. 




h 




u 

1 1 










































u 








^RDZ 












WF -- 


... 


n 
























^RC "1 


h 












n 


















u 








L 


0S 




L-T 

1 






h 






r 








- 

r 










_ !. _ 






n 


1 






























n 














n 




4>ni 




P— 








r— ri— , 
















n 
















nn 





















































I 



[HI] 

1 o(2«[ib{g#^fi&fflia<»»tfei5a) 



[g]4] 



2_0 ( 2 (It ( t ft ^ » fi£ ffl 0 « » « S ) 




^RSVO 



[E17] 



m 
<t>m ~ 

VRS • 



IS 



-TT 



*t» j~ 



"i_r 



-n_j_r 



n. 



•VRD 



VRE. 
VRS 



-j_ 1 ; M 



n 



T_r 



J-t: 



i_rLLJ 



-L 



-L 



II 2] 



1 2 0 (MatttggiB) 



121 



122 



123 



124 



(B3] 



PMC 



( n) 



QA (JFET) 

R G RGeH^ RD 

4- ' 




X 1 



Y 1 



(B) 



Q P 



r 





11^+;^^^ p V— h n W e 1 



r 



Y sr~ 

QA (JFET) RD 
p — S u b 



It 



(C) 



i« 3t r yi- : 

4:: 



Q T 







n+ 






1 n + 








P 











n ^ ^ yl* !i if -V ^^ n - W e I 



Y 

Q A (JFET) 



p — ^ \i b 



V 

P D 




mi 0] 

[Ell 1] 




